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TECHNIQUES AND INSTRUMENTS FOR
PLACEMENT OF ORTHOPEDIC IMPLANTS
RELATIVE TO BONE FEATURES

RELATED APPLICATIONS

This application 1s a divisional application of U.S. appli-
cation Ser. No. 15/336,202, filed on Oct. 27, 2016, entitled

“TECHNIQUES AND INSTRUMENTS FOR PLACE-
MENT OF ORTHOPEDIC IMPLANTS RELATIVE TO
BONE FEATURES”, which claims the benefit of U.S.
Provisional Patent Application No. 62/247,022 filed Oct. 27,
2015, entitled “SYSTEM AND METHOD FOR PLACE-
MENT OF ORTHOPEDIC IMPLANTS RELATIVE TO
BONE FEATURES,” which 1s incorporated herein by ret-

erence 1n its entirety.

FIELD

The present disclosure generally relates to the field of
surgical tools, and specifically to surgical tools for use 1n
placement of orthopedic implants relative to the bone of a
patient.

BACKGROUND

Often times 1t 1s necessary during orthopedic surgical
operations to place an implant relative to a bone of a patient.
Such orthopedic implants may include transcutaneous pins
(e.g., intra medullary (IM) pins), wires (e.g., Kirschner wires
(K-wires)), or other implants. For instance, such implants
may be used for pin fixation of bones, in connection with
skeletal traction, or for other purposes. In any regard,
placement of such mmplants may involve significant time,
elort, and skill on the part of a surgeon.

For mstance, depending upon the nature of the operation
and/or purpose of the implant, it may be necessary to dispose
the distal tip of the implant at various locations relative to
the structure of the bone of the patient. Furthermore, 1t may
be necessary to create boxes or use other tools 1n connection
with placement of an orthopedic implant. In doing so, the
surgeon 1s left to judge such placement based solely upon the
teel or perception of the surgeon. As the implants may be
placed using powered tools such as pneumatic or electric
drills or the like, the placement of an implant often results
in added time and complexity to an orthopedic operation.
Moreover, as the surgeon’s feel or perception 1s relied on for
accurate placement, the potential exists for the implant to be
misplaced. Furthermore, having an implant pass completely
through the bone 1n which it i1s to be placed may also result
in damage to the 1ssue surrounding the bone. In any event,
the placement of orthopedic implants may present compli-
cations that may result 1n increased time, cost, or risk to
surgical procedures.

SUMMARY

In view of the foregoing, the present disclosure 1s gener-
ally directed to the use of an 1nstrument having a measure-
ment system to place orthopedic implants with improved
reliability and accuracy. Specifically, the measurement sys-
tem may be operable to automatically determine (e.g., based
on one or more sensors ol the measurement system) when
the orthopedic implant (e.g., a leading edge thereol) passes
through interfaces of various anatomical structures 1n a bone
of the patient. As such, an orthopedic implant may be placed
based on the sensed position of the implant by the measure-
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2

ment system. Further still, in connection with the placement
of a surgical instrument, other surgical tools (e.g., drills,
saws, grinders, etc.) may also be used by a surgeon to assist
in the operation. Accordingly, the measurement system as
described herein may also or alternatively be used to deter-
mine the placement of a surgical tool (e.g., a drill, saw, burr,
ctc.) that may be used 1n an operation.

When using the instrument having a measurement system
as described herein, a surgeon may be able to rely on an
automatically determined position of the orthopedic implant
without having to rely on simply “sensing” or “feeling” the
location of the implant relative to the relevant anatomical
structures. As the sensitivities of the various sensors of the
instruments may be greater than that of the surgeon’s senses
alone, the position of an orthopedic implant may be more
accurately and reliably placed relative to the anatomy of
interest. Moreover, as use of a measurement system does not
rely on a surgeon’s “feel,” placement of the orthopedic
implant may be more repeatable.

In an embodiment of a measurement system described
herein, a displacement sensor may be provided for use in
determining the relative displacement of the orthopedic
implant to a reference point. For instance, the reference
point may be the exterior portion of the bone in which the
implant 1s to be inserted. The displacement sensor may
include a linear displacement sensor that 1s displaced rela-
tive to the orthopedic implant as the orthopedic implant 1s
advanced into the bone of the patient. In this regard, it 1s
advantageous to maintain the orthopedic implant stationary
relative to the displacement sensor axially in relation to the
working axis of the orthopedic implant (1.e., the axis about
which the orthopedic implant is rotated and along which the
orthopedic 1mplant travels when advanced into the bone).
That 1s, 1if the implant slips axially, the displacement mea-
surement may be maccurate. However, while the implant 1s
to be maintained axially stationary relative to the displace-
ment sensor during advancement, the nature of orthopedic
implants may result 1n the need to release the implant from
the instrument, retract of the instrument in a direction
opposite the direction of advancement of the implant mto the
bone, and reengage the implant for further advancement.
Also, the mstrument may be released to retract the instru-
ment from the implant once placed in the final position as
desired.

Accordingly, the ability to selectively release the ortho-
pedic 1implant from the instrument for retraction and/or
reengagement may be provided. Such selective release of the
orthopedic implant 1s preferably provided 1n an eflicient and
ergonomic manner as the operation of release and/or reen-
gagement may occur frequently during an operation. As
such, various chuck embodiments are described herein that
may be used to selectively engage an orthopedic implant for
use with an mstrument.

At least some embodiments described herein may allow
for engagement 1n orthopedic implant by a chuck of instru-
ment without requiring (1.e., in the absence of) an external
force be applied to the chuck by the user. For instance, many
previously posed chucks used to engage orthopedic implants
required a user to continuously maintain a force on the chuck
(e.g., a tnigger lever thereol) to maintain engagement of the
chuck with the orthopedic implant. Such an arrangement
that requires continuous application of an external force on
the chuck by the user to maintain engagement of the
orthopedic implant by the chuck may be disadvantageous 1n
a number of ways. Initially, requiring a user to grasp and
maintain an external force upon the chuck may diminish the
user’s ability to accurately and precisely control the instru-
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ment. For example, a user may be required to reach with the
fingers of the hand used to grasp the handle of the instrument
to apply the force on the chuck to maintain engagement of
the orthopedic implant with the chuck. In contrast, the
embodiments described herein that may allow for engage-
ment of the chuck in the absence of an applied external force
by the user may allow the user to more ergonomically grasp
the handle of the instrument, thus promoting increased
control over the mstrument.

Additionally, as may be particularly relevant 1n the con-
text of use of the chuck with an instrument having a
measurement system as described herein, requiring the user
to apply an external force to the chuck maintain engagement
with the orthopedic implant may provide inaccuracies in
relation to the measurement system. Initially, requiring a
user to maintain a force on the chuck to engage the ortho-
pedic implant with the chuck may increase the likelithood
that the orthopedic implant slips with respect to the chuck.
As may be appreciated, any such slippage between the
orthopedic implant 1n the chuck may be detected by the
measurement system as movement of the orthopedic implant
relative to the bone. That 1s, slippage between the orthopedic
implants 1n the chuck may result 1n 1naccuracies 1n relation
to the displacement sensor output of the measurement sys-
tem described herein. However, utilization of a chuck that
does not require external force to be applied to the chuck to
maintain engagement with the orthopedic implant may
reduce the possibility that the orthopedic implant slips with
respect to the chuck because the user 1s not required to
actively engage with the chuck to maintain engagement
between the chuck and the orthopedic implant.

Further still, the measurement system described herein
may utilize a force sensor capable ol measuring the axial
force acting on the orthopedic implant by transmitting such
torce through the chuck and/or drive system to a force sensor
that 1s capable of measuring any such axial load. However,
requiring a user to impart a force onto the chuck to maintain
engagement between the chuck and the orthopedic implant
may 1ntroduce erroneous forces acting on the chuck and/or
drive system that may be detected by the force sensor and do
not correspond to axial force experienced by the orthopedic
implant as it 1s advanced relative to the bone of the patient.
That 1s, the force imparted on the chuck by a user to maintain
engagement between the chuck and the orthopedic implant
may result 1n a noisy force signal that reduces the accuracy
of the measurement system. In turn, utilization of a chuck
that does not require an external force be applied to the
chuck to maintain engagement between the orthopedic
implant and the chuck may improve the accuracy of the
measurement system.

In at least certain embodiments described herein, a chuck
may be provided that allows for engagement of the ortho-
pedic implant upon a motion of linear advancement of the
orthopedic implant relative to the bone of the patient or upon
a rotation of the chuck relative to the orthopedic implant. In
this regard, upon advancement of the instrument to advance
the orthopedic implant relative to the bone of the patient, the
chuck may engage the orthopedic implant to limit relative
axial movement between the orthopedic mmplant i1n the
chuck that can be measured by the measurement system.
However, retraction of the chuck relative to the orthopedic
implant may be allowed such that the chuck disengages the
orthopedic implant upon retraction of the chuck relative to
the orthopedic implant such that the instrument may be
retracted from the orthopedic implant. Similarly, the chuck
may engage the orthopedic implant upon rotation of the
chuck relative to the orthopedic implant (e.g., in a direction
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tending to drive the orthopedic implant mto a bone of a
patient). However, upon counter rotation of the chuck rela-
tive to the orthopedic implant, the orthopedic implant may
be disengaged by the chuck such that the instrument may be
retracted relative to the orthopedic implant. Further still,
such chuck embodiments may provide various different
states ol engagement of the orthopedic implant. For
example, the foregoing description of a particular advance-
ment of the chuck relative to the orthopedic implant to cause
engagement may be provided in a biased state of the chuck.
Furthermore, a locked open state of the chuck may be
provided whereby the orthopedic implant 1s not engaged by
the chuck even upon advancement of the chuck relatively
orthopedic implant 1n a manner that would otherwise engage
the orthopedic implant when the chuck is 1n the biased state
of the chuck. Additionally, a locked closed state of the chuck
may be provided whereby the orthopedic implant may be
engaged regardless of whether the chuck i1s advanced or
retracted and/or regardless of how the chuck i1s rotated
relative to the orthopedic implant.

In one particular embodiment, the chuck and orthopedic
implant may be coordinately provided such that the chuck
may engage one or more of a plurality of indexing features
provided on the orthopedic implant. In this regard, the
orthopedic implant may be engaged at known relative posi-
tions along the orthopedic 1mplant relative to (e.g., along)
the working axis. This may assist in determining the distance
that the orthopedic implant has been advanced into the bone
of the patient. The coordinated engagement between a chuck
and one or more of the plurality of indexing members may
also help to reduce the potential for axial slipping of the
orthopedic 1mplant relative to the chuck as the implant 1s
advanced. Notably, the engagement may maintain the ortho-
pedic implant 1n an axial position relative to the displace-
ment sensor without the presence of external forces acting
on the chuck to maintain the implant 1n place. For instance,
in contrast to prior proposed chuck designs that rely on a
user gripping a lever or otherwise actuating the chuck to
maintain the engagement with the orthopedic implant, the
use of a chuck as described herein that engages an indexing
portion may alleviate the need for such user intervention to
maintain external forces acting on the chuck to maintain
engagement with the orthopedic implant. This may also
allow for immproved accuracy in measurement of forces
acting axially on the orthopedic implant.

In certain embodiments described herein, a chuck may
also be provided with an implant holder to reduce axial
and/or rotational movement of the orthopedic implant rela-
tive to the chuck when the orthopedic implant 1s not engaged
with the chuck jaws. For example, there may be instances
when the chuck jaws will not be engaged with the orthopedic
implant, but 1t may still be desired that the orthopedic
implant not slide or rotate about the working axis (e.g., to
prevent the orthopedic implant from slipping under the
influence of gravity). For mstance, upon initial introduction
of the orthopedic implant relative to the chuck, the user may
desire the orthopedic implant to remain stationary absent an
application of an external force to the orthopedic implant
prevent the orthopedic implant from sliding from the instru-
ment (e.g., under the mfluence of gravity). In this context
leading up to engagement by the chuck jaws of the ortho-
pedic implant for use 1n a procedure, a surgeon may want the
ability to adjust the orthopedic implant from a first position
to a second position and/or have the orthopedic implant
remain in place when the mstrument 1s moved. As such, the
implant holder may help prevent axial slipping of the
orthopedic implant relative to the chuck during use without
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the presence of any additional external forces acting on the
orthopedic implant. Specifically, when the orthopedic
implant 1s disposed withuin a chuck, grippers of the implant
holder may engage the orthopedic implant, allowing secure
one-handed use of the mstrument such that the orthopedic
implant 1s retained in place absent an external force beyond
a certain, predetermined magnitude being applied. In this
regard, a force by the surgeon to move the orthopedic
implant along or about the axis may be facilitated. However,
absent application of such an external force (e.g., by the
surgeon ), the orthopedic implant may remain stationary.

Furthermore, while the istrument having a measurement
system as described herein may provide advantages over
placing an orthopedic implant in a bone without use of the
measurement system, certain operations and/or user prefer-
ence may result in the instrument being used 1n a traditional
sense without the measurement system. In this regard, the
present disclosure also describes chuck embodiments that
may engage a traditional orthopedic implant such that the
instrument may be operated without the assistance of the
measurement system. These chuck embodiments may also
include features that allow for management (e.g., retention)
of the measurement system components when used 1n this
traditional manner.

Utilization of the measurement system in conjunction
with placement of the orthopedic implant may allow for the
orthopedic 1mplant to be located precisely relative to the
bone of the patient. When placing an orthopedic implant, the
exact placement of the distal portion of the implant may vary
from procedure to procedure. For example, the placement of
the orthopedic implant may vary based upon the bone into
which the orthopedic implant placed, the nature of the
procedure relative to the bone, the nature of the repair of the
bone, the use of the orthopedic implant, or other relevant
factors that may dictate the placement of the orthopedic
implant. Accordingly, while the measurement system may
provide for precise determination of the location of the
orthopedic 1mplant as it 1s advanced into the bone of the
patient, 1t may be necessary to provide various modes of
operation for selective placement of the orthopedic implant
as desired for a given specific procedure on a given specific
portion of anatomy. As such, embodiments of the instrument
described herein may include a mode selection that allows
the user to select a particular mode of operation for specific
placement of the orthopedic implant. Specifically, various
modes of operation including a bicortical, subchondral,
endosteal, and multi-cortical modes will be described herein.

In turn, the sensors of the measurement system may be
interrogated and analyzed to determine placement of the
orthopedic implant. Various approaches to this analysis may
be provided. For example, diflerent analysis techniques may
be used for different given ones of the placement modes. The
analysis techniques may include coordinated or collective
analysis of a displacement sensor signal and a force sensor
signal. Other techniques may include analysis of a single
given sensor output of the measurement system. For
instance, a displacement sensor or accelerometer may be
used singularly for analysis 1n connection with placement of
the implant. In either instance, additional signals may be
derived from the single sensor. For instance, a displacement,
velocity, acceleration, and/or derivative signal may be
derived from the single sensor employed. These values may
be used individually or collectively to determine placement
of the implant in the bone. Such placement determinations
may also be used to assist in the determining a location of
a tool (e.g., a dnll, saw, grinder, or the like) relative to the
structure of a bone.
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Further still, specific embodiments of orthopedic implants
are described herein that may be utilized to provide
improved performance when introduced into the bone of the
patient using an instrument having a measurement system as
described herein. For instance, determination using the
measurement system of the placement of very small diam-
cter orthopedic implants and/or orthopedic implants that are
advanced relatively slowly into the bone of the patient may
be diflicult to determine. In this regard, specific embodiment
of an orthopedic implant that may be utilized to provide
improved performance when utilized with the measurement
system. Specifically, the orthopedic implant may include a
tapered or conical distal end of the orthopedic implant that
1s relatively blunt. A relief portion may be provided proximal
to the relatively blunt distal end of the orthopedic implant
that may provide a relief to reduce heat near the distal end
of the orthopedic implant and/or reduce tissue damage 1n the
area proximal to the distal end of the orthopedic implant.
Further still, a helical section may be provided proximally to
the distal end of the orthopedic implant and/or the relief
portion that may be utilized to engage a cortex of the bone
to assist 1n advancement of the orthopedic implant relative
to the bone.

Accordingly, a first aspect of the present invention com-
prises a surgical mstrument for use in placement of ortho-
pedic implants relative to a bone of a patient. The instrument
includes an instrument body having a first cannulated pas-
sage extending continuously through the mstrument body
along a working axis of the instrument. The first cannulated
passage 1s sized to receive and extend about at least a portion
of an orthopedic implant within the cannulated passage. The
instrument also icludes a chuck engageable with the ortho-
pedic 1implant to selectively engage the orthopedic implant
to restrict axial movement of the orthopedic implant relative
to the chuck along the working axis 1n the absence of an
external force being applied to the chuck. The chuck
includes a second cannulated passage axially aligned along
the working axis. The instrument also includes a drive
engaged with the chuck to impart rotational motion of the
chuck about the working axis. The instrument also 1includes
a measurement system having a displacement sensing arm
moveable 1 a direction parallel to the working axis to
measure advancement of the orthopedic implant driven by
the instrument 1nto the bone of the patient along the working
axis.

A number of feature refinements and additional features
are applicable to the first aspect. These feature refinements
and additional features may be used individually or 1n any
combination. As such, each of the following features that
will be discussed may be, but are not required to be, used
with any other feature or combination of features of the first
aspect.

For example, 1n certain embodiments, the chuck may be
normally biased into engagement with the orthopedic
implant. The chuck may include a plurality of jaw members
that are engaged by a cam surface biased into engagement
with the plurality of jaw members to dispose the jaw
members toward the working axis to engage the orthopedic
implant.

In an embodiment, a linear motion of advancement of the
chuck relative to the orthopedic implant urges the plurality
of jaw members of the chuck into engagement with the
orthopedic implant. In this embodiment, the cam surface
may include an annular ramped surface that 1s biased into
engagement with the plurality of jaw members. Each of the
plurality of jaw members may be a roller member engaged
with the annular ramped surface such that at least a portion




US 10,588,630 B2

7

of each of the roller members at least partially extends nto
the second cannulated passage to engage the orthopedic
implant. The roller member may be disposed for pivotal
movement about a pivotal axis that 1s orthogonal to and
oflset from the working axis, and wherein the pivotal axis 1s
eccentric to the roller member. In turn, the linear motion of
advancement of the chuck relative to the orthopedic implant
causes rotation of the roller member about the pivotal axis
such that the roller member 1s moved toward the working
axis, and such movement of each of the plurality of roller
members may create a clamping engagement of the ortho-
pedic implant by the plurality of roller members upon the
linear motion of advancement of the chuck relative to the
orthopedic implant. In contrast, motion of the chuck oppo-
site the linear motion of advancement may cause counter
rotation of the roller member about the pivotal axis such that
the roller member 1s moved away from the working axis,
thus allowing the orthopedic implant to move relative to the
roller member when the chuck 1s moved opposite the linear
motion of advancement to allow for retraction of the chuck
relative to the orthopedic implant.

In an alternate embodiment, a rotational motion of the
chuck relative to the orthopedic implant may urge the
plurality of jaw members of the chuck into engagement with
the orthopedic implant. In this embodiment, the cam surface
comprises a helical surface that engages the plurality of jaw
members. Each of the plurality of jaw members comprise a
spherical member engaged with the helical surface such that
at least a portion of each of the spherical members at least
partially extends into the second cannulated passage to
engage the orthopedic implant. A twist of the helical surface
may urge each of the spherical members toward the working,
axis when rotated 1n a direction corresponding with
advancement of the orthopedic implant.

In these embodiments, the cam surface may be engaged
with a control member to dispose the cam surface between
a biased state, a locked-open state, and a locked-close state.
When 1n the biased state, the cam surface may urge the
plurality of jaw members into engagement with the ortho-
pedic implant at least upon a motion of advancement of the
chuck relative to the orthopedic implant. Additionally, when
in the locked closed state, the cam surface may engage the
orthopedic implant upon a motion of advancement or retrac-
tion. Further still, when 1n the locked open state, the cam
surface may dispose the plurality of jaw members to allow
movement of the orthopedic implant axially along the work-
ing axis relative to the chuck.

In certain contexts described herein, the orthopedic
implant may be selected from the group consisting of a
transcutaneous pin and a Kirschner wire. However, the
disclosure presented herein may be applicable to any ortho-
pedic implant and/or surgical tool that may be engaged with
an mstrument such as a dnll, saw, grinder, or the like.

In an embodiment, the chuck may be operative to engage
a plurality of indexing features at predefined axial incre-
ments along the orthopedic implant. The chuck may include
at least one jaw member displaceable relative to the second
cannulated passage to selectively engage and disengage at
least one of the plurality of indexing features of the ortho-
pedic implant. The chuck may include a first jaw member
and a second jaw member arranged for opposing engage-
ment of the orthopedic implant 1n a radial direction relative

il

to the working axis. The first jaw member may be oflset
from the second jaw member relative to the working axis.
Specifically, the first jaw member may be oflset from the
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second jaw member relative to the working axis a distance
less than a length of the engagement feature along the
working axis.

In one application, the first jaw member may be pivotal
relative to a first pi1vot axis and the second jaw member may
be pivotal relative to a second pivot axis. The first pivot axis
and the second pivot axis may be parallel to and oflset from
the working axis such that relative pivotal movement
between the first jaw member and the second jaw member
about the first pivot axis and the second pivot axis, respec-
tively, results 1n the opposing radial movement of the first
jaw member and the second jaw member relative to the
working axis. In turn, the chuck may include a control ring
disposed at an exterior surface of the chuck that 1s manipu-
lable by a user to induce the relative pivotal movement of the
first jaw member and the second jaw member. The control
ring may include a first cam surface and a second cam
surface. The first jaw member may include a first follower
portion engaged with the first cam surface and the second
jaw member may include a second follower portion engaged
with the second cam surface. As such, upon rotation of the
control ring by a user, the first cam surface and the second
cam surfaces may bear on the first follower portion and the
second follower portion to move the first jaw member and
the second jaw member away from the working axis 1n a
direction radial to the working axis. The first jaw member
and the second jaw member may be biased into an engaged
position where the first jaw member and the second jaw
member may be biased 1n a direction radially toward the
working axis.

In an embodiment, the chuck may also include at least one
implant holder displaceable relative to the second cannu-
lated passage to retain the orthopedic implant. The implant
holder may include at least one gripper and a spring. The
spring may bias the at least one gripper toward the working
axis 1n a direction radial to the working axis. In turn, upon
insertion of the orthopedic implant, the orthopedic implant
may displace the gripper away from the working axis in a
direction radial to the working axis and the implant holder
bears on the orthopedic implant in a direction radially
toward the working axis.

A second aspect presented herein includes a system for
use with a surgical instrument for placement of orthopedic
implants. The system includes an orthopedic implant having
a plurality indexing features provided at predefined axial
increments along the orthopedic mmplant and a chuck
engageable with at least one of the plurality of indexing
features to restrict axial movement of the orthopedic implant
relative to the chuck along a working axis of the chuck.

A number of feature refinements and additional features
are applicable to second aspect. These feature refinements
and additional features may be used individually or 1n any
combination. As such, each of the following features that
will be discussed may be, but are not required to be, used
with any other feature or combination of features of the
second aspect. Furthermore, any of the features described 1n
relation to the first aspect may be used with the second
aspect.

In an embodiment of the second aspect, the orthopedic
implant may include a cylindrical body extending from a
proximal portion engageable with a bone of a patient to a
distal portion opposite the proximal portion. The orthopedic
implant may be selected from the group consisting of a
transcutaneous pin and a Kirschner wire. The chuck may
include at least one jaw member displaceable relative to the
second cannulated passage to selectively engage and disen-
gage at least one of the plurality of indexing features of the
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orthopedic implant. The plurality of indexing features may
include indented portions of the cylindrical body extending
radially toward a center axis of the cylindrical body. The
indented portions may extend along opposing sides of the
orthopedic implant.

In an embodiment, the indented portions may be offset a
first distance along the working axis relative to the opposing
sides. The chuck may include a first jaw member and a
second jaw member arranged for opposing engagement of
the orthopedic implant 1n a radial direction relative to the
working axis. The first jaw member may be oflset a second
distance from the second jaw member relative to the work-
ing axis such that the second distance corresponds with the
first distance. The first jaw member may be ofiset from the
second jaw member relative to the working axis a distance
less than a length of the engagement feature along the
working axis. The first jaw member may be pivotal relative
to a first pivot axis and the second jaw member may be
pivotal relative to a second pivot axis. The first pivot axis
and the second pivot axis may be parallel to and oflset from
the working axis such that relative pivotal movement
between the first jaw member and the second jaw member
about the first pivot axis and the second pivot axis, respec-
tively, results 1n the opposing radial movement of the first
jaw member and the second jaw member relative to the
working axis.

The chuck may include a control ring disposed at an
exterior surface of the chuck that 1s manipulable by a user to
induce the relative pivotal movement of the first jaw mem-
ber and the second jaw member. The control ring may
include a first cam surface and a second cam surface. The
first jaw member may include a first follower portion
engaged with the first cam surface and the second jaw
member may include a second follower portion engaged
with the second cam surface. Upon rotation of the control
ring by a user, the first cam surface and the second cam
surfaces bear on the first follower portion and the second
follower portion to move the first jaw member and the
second jaw member away from the working axis in a
direction radial to the working axis. The first jaw member
and the second jaw member may be biased into an engaged
position where the first jaw member and the second jaw
member are biased 1n a direction radially toward the work-
Ing axis.

A third aspect includes an orthopedic implant for use 1n
conjunction with a measurement system of an instrument for
advancing the orthopedic implant into a bone of a patient.
The orthopedic implant includes a distal end comprising a
working portion rotatably advanceable relative to the bone
of the patient. The implant also 1includes a cylindrical body
extending proximally from the distal end and a plurality of
indexing features at predefined axial increments along the
cylindrical body of the orthopedic implant that are engage-
able by a chuck of the instrument to restrict axial movement
of the orthopedic implant relative to the chuck along a
working axis of the chuck.

A number of feature refinements and additional features
are applicable to the third aspect. These feature refinements
and additional features may be used individually or 1n any
combination. As such, each of the following features that
will be discussed may be, but are not required to be, used
with any other feature or combination of features of the third
aspect.

For instance, the indexing features may include indented
portions of the cylindrical body extending radially toward a
center axis of the cylindrical body. The indented portions
may extend along opposing sides of the orthopedic implant.
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The mndented portions may be offset a first distance along the
working axis relative to the opposing sides.

A fourth aspect includes a method of advancing an
orthopedic implant into a bone of a patient. The method
includes engaging the orthopedic implant with a chuck of an
istrument to restrict axial movement of the orthopedic
implant relative to the chuck along a working axis of the
chuck. The method further includes first advancing the
orthopedic implant distally into the bone of the patient a first
distance by imparting rotational motion to the chuck when
engaged with the orthopedic implant and first measuring the
first distance using a displacement sensor of a measurement
system associated with the instrument. The method also
includes releasing the orthopedic implant from the chuck
and retracting the instrument relative to the orthopedic
implant 1n a proximal direction opposite of the direction of
the advancing. The method includes reengaging the ortho-
pedic implant with the chuck of the mstrument to restrict
axial movement of the orthopedic implant relative to the
chuck along a working axis of the chuck and second
advancing the orthopedic implant distally into the bone of
the patient a second distance by imparting rotational motion
to the chuck. The method includes second measuring the
second distance using the displacement sensor of the mea-
surement system associated with the instrument.

A number of feature refinements and additional features
are applicable to the fourth aspect. These feature refinements
and additional features may be used individually or 1n any
combination. As such, each of the following features that
will be discussed may be, but are not required to be, used
with any other feature or combination of features of the
fourth aspect.

For instance, 1n an embodiment, the method may include
summing the first distance and the second distance at the
measurement system. Furthermore, the method may include
determining that the orthopedic implant 1s released from the
chuck and disregarding any change in displacement of the
displacement sensor when the orthopedic implant 1s released
from the chuck. A sensor may be provided relative to the
chuck to determine that the orthopedic implant 1s released
from the chuck. The determining may alternatively be based
on a user mput provided to the measurement system. The
engaging may include the chuck engaging the orthopedic
implant at a first indexing feature of a plurality of indexing
features and the reengaging comprises the chuck engaging
the orthopedic implant at a second indexing feature of the
plurality of indexing features that is proximal to the first
indexing feature. The engaging may occur 1n response to the
first advancing, the reengaging may occur in response to the
second advancing, and the releasing may occur in response
to the retracting.

A fifth aspect includes a method of placement of an
orthopedic implant relative to a bone of a patient. The
method 1ncludes engaging the orthopedic implant with a
chuck of an instrument to restrict axial movement of the
orthopedic implant relative to the chuck along a working
axis of the chuck and advancing the orthopedic implant
distally into the bone of the patient while the orthopedic
implant 1s engaged with the chuck by imparting rotational
motion to the chuck with a drive engaged with the chuck.
The method also includes measuring at least one character-
istic of the advancement of the orthopedic implant relative
to the bone. The method further includes continuously
monitoring the at least one characteristic during the advanc-
ing to determine a predetermined placement of a distal end
of the orthopedic implant and deactivating the drive to cease
rotation of the chuck to stop the advancement of the ortho-
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pedic implant when the distal end of the orthopedic implant
reaches the predetermined placement as determined by the

continually monitored at least one characteristic. The pre-
determined placement 1s selectable by a user from a bicor-
tical mode, a subchondral mode, an endosteal mode, and a
multi-cortical mode.

A number of feature refinements and additional features
are applicable to the fifth aspect. These feature refinements
and additional features may be used individually or 1n any
combination. As such, each of the following features that
will be discussed may be, but are not required to be, used
with any other feature or combination of features of the fifth
aspect.

For instance, the at least one characteristic may include a
force acting axially on the orthopedic implant and a depth of
penetration of the orthopedic implant. Additionally or alter-
natively, the at least one characteristic may include a depth
of penetration of the orthopedic implant as determined by a
displacement sensor that generates a displacement signal.
The displacement signal may also or alternatively be used to
generate a velocity signal and an acceleration signal. In this
regard, the predetermined placement may be determined
based on the displacement signal, the velocity signal, and the
acceleration signal. The displacement signal may be used to
generate a derivative signal comprising a derivative of an
acceleration signal generated using the displacement signal.
The derivative signal 1s used to determine the predetermined
placement. An inflection point of the dernivative signal may
correspond to an interface between a first medium having a
first density and a second medium having a second density.
Specifically, a concave up inflection point 1s indicative of the
orthopedic implant passing through the interface where the
first density 1s less than the second density. In contrast, a
concave down inflection point 1s indicative of the orthopedic
implant passing through the interface where the first density
1s greater than the second density.

A sixth aspect includes an orthopedic implant. The
implant includes a cylindrical body extending between a
distal end and a proximal end. The implant also includes a
tapered portion adjacent to the distal end that 1s advanceable
relative to a bone of the patient. The implant further includes
a relief portion proximal to the distal end extending about
the cylindrical body and a helical portion proximal to the
reliel portion.

A number of feature refinements and additional features
are applicable to the sixth aspect. These feature refinements
and additional features may be used individually or 1n any
combination. As such, each of the following features that
will be discussed may be, but are not required to be, used
with any other feature or combination of features of the sixth
aspect.

For instance, in an embodiment, the helical portion may
include threads to engage a cortex of a bone. The relief
portion may 1include a circumiferentially extending step
having a first radius that 1s smaller than a second radius of
the cylindrical body.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts an embodiment of an instrument that may
be used i connection with placement of an orthopedic
implant.

FI1G. 2 depicts a cross sectional view of an embodiment of
an mstrument with an orthopedic implant engaged there-
with.

FI1G. 3 depicts a cross sectional view of an embodiment of
an mstrument that may be used with an orthopedic implant.
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FIG. 4 depicts a partial cutaway view of an embodiment
of a distal portion of an 1nstrument for engagement with an
interchangeable chuck.

FIG. 5 depicts an embodiment of a chuck for engagement
with an 1nstrument.

FIG. 6 A depicts a cross sectional view of an embodiment
ol an instrument and interchangeable chuck as assembled.

FIG. 6B depicts a detail view of the embodiment depicted
in FIG. 6A at an interface of the chuck with the mstrument.

FIG. 7 depicts an embodiment of a chuck that may be used
to retain an orthopedic implant.

FIG. 8 depicts the embodiment of the chuck of FIG. 7
with an exterior portion thereof not shown for clarty.

FIG. 9 depicts the embodiment of the chuck of FIG. 7 1n

cross section along a working axis of the chuck.

FIG. 10 depicts an embodiment of a chuck that may be
used to retain an orthopedic implant.

FIG. 11 depicts a cross sectional view of the chuck of FIG.
10 along a working axis of the chuck.

FIG. 12 depicts an embodiment of a chuck that may be
used to retain an orthopedic implant.

FIG. 13 depicts a cross sectional view of the chuck of
FIG. 12 along a working axis of the chuck.

FIGS. 14 A and 14B depict an embodiment of a chuck that
may be used to retain an orthopedic implant that 1s shown 1n
cross section along a working axis of the chuck.

FIG. 15 depicts an exploded view of the chuck of FIG. 14.

FIG. 16 depicts an embodiment of a chuck with a dis-
placement sensing arm retention member for retaining a
displacement sensing arm of an mnstrument with which the
chuck 1s engaged where the displacement sending arm
retention member 1s 1n an engaged position.

FIG. 17 depicts an embodiment of a chuck with a dis-
placement sensing arm retention member for retaining a
displacement sensing arm of an mnstrument with which the
chuck 1s engaged where the displacement sending arm
retention member 1s 1 a disengaged position.

FIG. 18 depicts an embodiment of an orthopedic implant
having indexing features.

FIG. 19 depicts an embodiment of an orthopedic implant
having indexing features.

FIG. 19A depicts a detail of the embodiment of the
orthopedic implant of FIG. 19.

FIG. 20 depicts an embodiment of an orthopedic implant
having indexing features.

FIG. 21 depicts an embodiment of a chuck adapted for

engagement ol an orthopedic implant having indexing fea-
tures.

FIG. 22 depicts the embodiment of the chuck of FIG. 21
with a distal plate thereof removed for purposes of illustra-
tion of jaw members disposed therein.

FIG. 23 depicts the embodiment of the chuck of FIG. 21
in cross section along a working axis of the chuck.

FIG. 24 depicts the embodiment of the chuck of FIG. 21
with a distal plate thereof removed to show positioning of
the orthopedic implant relative to the chuck for purposes of
illustration of jaw members disposed therein.

FIG. 25 depicts the embodiment of the chuck of FIG. 21
in cross section along a working axis thereof with an
orthopedic implant placed relative to the chuck.

FIG. 26 depicts the embodiment of the chuck of FIG. 21
with a distal plate thereof removed to show an orthopedic
implant engaged with jaw members of the chuck.

FIG. 27 depicts the embodiment of the chuck of FIG. 21
in cross section along a working axis thereof with an
orthopedic implant engaged with the chuck.
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FIG. 28 depicts a side view of the embodiment of the
chuck of FIG. 21.

FIG. 29 depicts a front view of the embodiment of FIG.
21 1n cross section along line A-A of FIG. 28.

FIG. 30 depicts a front view of the embodiment of FIG.
21 1n cross section along line B-B of FIG. 28.

FIG. 31 depicts an embodiment of a chuck adapted for
engagement ol an orthopedic implant having indexing fea-
tures.

FI1G. 32 depicts the embodiment of the chuck of FIG. 31
in cross section along a working axis thereof.

FIG. 33 depicts a rear perspective view of the embodi-
ment of the chuck of FIG. 31.

FIG. 34 depicts an exploded view of selected portions of
the embodiment of the chuck of FIG. 31.

FIG. 35 depicts a cross sectional view of an engagement
control member relative to a control ring 1n the embodiment
of the chuck of FIG. 31.

FIGS. 36 A and 36B depict an embodiment of a controller
for use with an instrument.

FI1G. 37 depicts a cross sectional view of a bone with an
orthopedic implant placed using a bicortical mode of opera-
tion of an instrument.

FIG. 38 depicts a cross sectional view of a bone with an
orthopedic 1mplant placed using a subchondral mode of
operation of an instrument.

FIG. 39 depicts a cross sectional view of a bone with an
orthopedic implant placed using an endosteal mode of
operation of an instrument.

FIG. 40 depicts a cross sectional view of a plurality of
bones with an orthopedic implant placed using a multi-
cortical mode of operation of an 1nstrument.

FIGS. 41 and 42 depict a plot of various signals measured
or dertved 1n an embodiment of operation of the instrument
that include a change 1n force measure as measured by a
force sensor of the measurement system.

FIGS. 43 and 44 depict a plot of various signals including
a derivative signal derived 1n an embodiment of an operation
of the mstrument that are derived from a single sensor.

FIG. 45 depicts an embodiment of a chuck in cross section
along the working axis thereof that includes an implant
holder utilized to maintain the position of the orthopedic
implant and a second cannulated passage of the chuck even
when the chuck jaws are not engaged with the orthopedic
implant.

FI1G. 46 depicts the implant holder of the embodiment of
the chuck of FIG. 45 1n cross section perpendicular to a
working axis of the chuck.

FIGS. 47-49 depict the distal end of embodiment of an
orthopedic implant that may be utilized in connection with
an 1strument as described herein.

FIG. 50 depicts an embodiment of a chuck.

FIG. 51 depicts the embodiment of the chuck of FIG. 50
1n a cross-sectional view taken along the working axis of the
chuck.

FIG. 52 depicts an orthopedic implant engagement por-
tion of the embodiment of the chuck of FIG. 50 1n 1solation.

FIG. 53 depicts the implant engagement portion of FIG.
52 1n cross section along the working axis of the chuck.

FIG. 54 depicts the implant engagement portion of FIG.
52 and a rear perspective view depicting engagement of the
jaw members with an arcuate ramp surface.

FIGS. 55-56 depict the chuck of FIG. 50 with portions
thereol shown 1n phantom to illustrate utilization of a control
ring of the chuck for disposing the chuck between various
states of engagement of the orthopedic implant.

FIG. §7 depicts an embodiment of a chuck.
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FIG. 58 depicts the embodiment of the chuck of FIG. 57
in a cross-sectional view taken along the working axis of the

chuck.

FIG. 59 depicts an orthopedic implant engagement por-
tion of the embodiment of the chuck of FIG. 57 1n 1solation.

FIG. 60 depicts the orthopedic implant engagement por-
tion of the embodiment of the chuck of FIG. 57 1mn a
cross-sectional view taken along the working axis of the
chuck.

FIGS. 61-62 depicts the orthopedic implant engagement
portion of the embodiment of the chuck of FIG. 57 with a
ramp member thereol not shown for clanty.

FIG. 63 depicts the orthopedic implant engagement por-
tion of the embodiment of the chuck of FIG. 57 and
cross-sectional view taken along the working axis of the
chuck.

FIGS. 64-66 depict the chuck of FIG. 57 with portions
thereol shown in phantom to illustrate utilization of a control
ring of the chuck for disposing the chuck between various
states of engagement of the orthopedic implant.

DETAILED DESCRIPTION

The following description 1s not mntended to limit the
invention to the forms disclosed herein. Consequently, varia-
tions and modifications commensurate with the following
teachings, skill and knowledge of the relevant art, are within
the scope of the present mnvention. The embodiments
described herein are further intended to explain modes
known of practicing the invention and to enable others
skilled 1n the art to utilize the invention in such, or other
embodiments and with various modifications required by the
particular applications(s) or use(s) of the present invention.

As described above, the present disclosure icludes dis-
closure that relates to the use of an instrument having a
measurement system for placement of an orthopedic implant
into the anatomy (e.g., the bone) of a patient. For instance,
the orthopedic implant may include a pin or wire that 1s
placed 1n the bone of the patient using a powered mstrument
such as a drill or the like. FIGS. 1-3 depict an embodiment
of an instrument 10 that may be utilized for such placement
ol an orthopedic implant 62.

The use of orthopedic implants such as pins (e.g., IM
pins) and/or wires (e.g., K-wires) may be used 1n a variety
of orthopedic applications. The orthopedic implants may be
used to provide traction to the bones of a patient. Moreover,
the orthopedic implant may be placed to allow for induced
motion of a bone (e.g., to provide alignment, rotation, or
other manipulation of a bone). Furthermore, orthopedic
implants may be used for fixation to secure fractured bone
portions. In any regard, for the various contexts of uses for
the orthopedic implants, different relative placements may
be desired. Such placement may be aided by use of a
measurement system that may assist in determining place-
ment of the orthopedic implant as described 1n detail below.

As will be described in greater detail below, use of an
instrument having a measurement system may provide a
number of benefits 1n relation to placement of an orthopedic
implant. For instance, because the measurement system may
have the capability of automatically detecting when an
implant passes through an interface of the bone, the user of
the nstrument may not be required to determine implant
placement by “feel” alone. In turn, the time required to place
an 1implant may be reduced. Moreover, the repeatability of
implant placement may be increased. Moreover, embodi-
ments are described herein wheremn a user may not be
required to impart an external force onto a chuck to maintain
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engagement with an orthopedic implant. In turn, the user
may be more able to control the instrument as a more
ergonomic grip with greater control of the instrument may
be taken by the user. Further still, by not requiring an
external force be applied to the chuck for engagement of the
instrument, the measurement system may provide increased
accuracy both based on a reduced potential that the ortho-
pedic implant slips relative to the instrument and/or based on
a more accurate force signal that may not be subject to noise
in the form of erroneous forces resulting from engagement
with the chuck by the user.

Further still, when utilizing a measurement system for
placement of an orthopedic implant, 1t may be advantageous
to periodically disengage the orthopedic implant from the
instrument so as to allow the instrument to be moved relative
to the orthopedic implant. For example, the orthopedic
implant may be advanced a certain distance 1nto the bone of
the patient. The advancement of the orthopedic implant may
be greater than the distance that 1s measurable by a single
stroke of the displacement sensing arm of the measurement
system. As such, the instrument may be disengaged and
moved distally relative to the orthopedic implant. The instru-
ment may thereafter reengage the orthopedic implant for
continued advancement of the orthopedic implant. In this
regard, it may be advantageous to provide eflicient engage-
ment and disengagement of the orthopedic implant without
requiring external force be applied by the user and while
maintaining the orthopedic implant stationary along the
working axis. Accordingly, at least some of the embodi-
ments described herein may allow for eflicient retraction of
the mstrument relative to the implant. Such retraction may
include disengagement of the chuck from the implant 1n an
ergonomic and eflicient manner. Still other embodiments
allow for engagement of the implant upon advancement
thereol, while allowing for disengagement (e.g., automati-
cally) when the instrument in retracted relative to the
implant.

The mstrument 10 may include a chuck 20 for engage-
ment of an orthopedic implant 62.

The orthopedic implant 62 may comprise a portion of an
orthopedic 1mplant assembly 60 that may be specifically
adapted for utilization with the measurement system 40 of
the istrument 10. For instance, the assembly 60 may
include the implant 62 and a correspondingly sized bushing
64 as will be described 1n greater detail below.

A dnive system 30 may be provided that may include a
motor 32 and a gearbox 34. In turn, the drive system 30 may
engage the chuck 20 to impart rotational motion to the chuck
20 about a working axis 16. That 1s, the working axis 16 may
define an axis of rotation about which the drive system 30
may induce rotation of the chuck 20 and, when engaged
therewith, an orthopedic implant 62. In this regard, the
orthopedic implant 62 may be advanced 1nto a bone along
the working axis 16. Notably, the chuck 20 and drive system
30 maybe cannulated to accept the orthopedic implant 62.
Furthermore, the drill housing 12 may also be cannulated
such that the orthopedic implant 62 may pass entirely
through the body the mstrument 10 including the chuck 20,
drive system 30, and housing 12. In this regard, the instru-
ment 10 may include a cannulated passage 76 may extend
from the proximal portion of the mstrument 10 to a distal
portion thereof. This cannulated passage may be defined, at
least 1n part, by the chuck 20, the drive system 30, and the
housing 12. As such, the chuck 20 may also include a
cannulated passage 22. In this regard and as will be
described in greater detail below, the cannulated passage 22
of the chuck 20 may be selectively aligned to the cannulated
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passage 76 of the mstrument 10 1n embodiments where the
chuck 20 selectively removable from the instrument 10 for
interchanging of the chuck utilized with the instrument 10.

With continued reference to FIGS. 1-3, an embodiment of
a measurement system 40 1s shown. The instrument 10 may
be adapted for use with an orthopedic implant assembly 60
that may include a bushing 64. The bushing 64 may be
correspondingly sized to extend about at least a portion of
the orthopedic implant 62 to allow for constraimned axial
movement of the bushing 64 relative to the orthopedic
implant 62. Alternatively, the bushing 64 may be integrally
provided with the measurement system 40 as described in
greater detail below. The mnstrument 10 may comprise at
least some components of the measurement system 40
within the housing 12 to facilitate operation of the measure-
ment system 40 1n connection with the instrument 10. For
example, at least a portion of a displacement sensor 42 may
be integrated into a housing 12 of the instrument 10. In this
regard, the displacement sensor 42 may include a depth
sensing arm 44 that 1s specifically adapted for engagement
with the bushing 64 of the orthopedic implant assembly 60
that may be engaged by a chuck 20 of the instrument 10.
While the bushing 64 1s shown as a discrete part, the bushing
64 may also be provided integrally with the displacement
sensing arm 44.

The measurement system 40 may also include a force
sensor 50. The force sensor 50 may be disposed relative to
the drive system 30. The chuck 20 and drnive system 30 may
undergo relative movement to the force sensor 50. However,
the chuck 20 and drive system 30 may be axially rigid such
that an axial force acting on the chuck 20 (e.g., as imparted
to the implant 62 upon axial advancement of the orthopedic
implant 62 engaged with the chuck 20) may be passed to the
chuck 20 and drive system 30 such that the drive system 30
may 1mpinge on the force sensor 50 such that the force
sensor 50 may measure the force. Thus, the chuck 20 and
drive system 30 may be supported such that the axial
movement of the chuck 20 and drive system 30 1s limited
(e.g., to prevent error 1n relation to the displacement sensor
42), yet allow for the free transfer of force to the force sensor
50. That 1s, 1t 1s advantageous to reduce the action of errant
forces on the chuck 20 and drive system 30 along the
working axis 16 to improve the accuracy of the measured
force at the force sensor 50. For instance, upon contact of the
drive system 30 with the force sensor 50, further axial forces
on the drive system 30 may result in minimal deflection (1.e.,
imperceptibly by the displacement sensor 40) while imping-
ing on the force sensor 50. In this regard, the drive system
30 may be constrained for contacting engagement with the
force sensor 50, but otherwise free to detlect along the
working axis to achieve an accurate force measurement. As
will be appreciated in greater detail below, utilization of an
indexed orthopedic implant 62 that 1s engaged by the chuck
20 may allow for maintaining the orthopedic implant 62
stationary relative to the chuck 20 along the working axis 16
while allowing forces acting on the orthopedic implant 62 to
be transmitted 1n the direction along the working axis 16
such that the force sensor 50 may accurately measure the
force 1mparted onto the orthopedic implant 62 as 1t is
advanced relative to the bone of the patient.

Returning to the description of the displacement sensor
42, the depth sensing arm 44 may be used to establish a
reference point from which displacement of an orthopedic
implant 62 may be measured. In this regard, as follows
herein, a general description of the features and operation of
the instrument 10 used 1 conjunction with the orthopedic
implant assembly 60 1s provided.
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The depth sensing arm 44 may extend from the dnll
housing 12. For example, the depth sensing arm 44 may
extend distally (e.g., from a distal face 14 of the drill housing
12) 1n a direction corresponding with the direction 1n which
the orthopedic implant 62 extends from the chuck 20 of the
instrument 10 for advancement ito a bone. At least a
portion of the displacement sensing arm 44 may extend from
the drill housing 12 parallel to the working axis 16 of the
istrument 10. The depth sensing arm 44 may also include
a distal portion 46 that 1s adapted to engage the bushing 64
provided with the orthopedic implant assembly 60. Alterna-
tively, the distal portion 46 may include an integrally pro-
vided bushing 64 as described above. As used herein, distal
may correspond to a direction toward the leading edge 10a
ol the orthopedic implant 62 and proximal may correspond
to a direction away from the leading edge 10a of the
orthopedic implant 62 toward an opposite end of the ortho-
pedic implant 62. In this regard, at least a portion of the
depth sensing arm 44 (e.g., the distal portion 46) may be
adapted to engage the bushing 64 of the orthopedic implant
assembly 60. In any regard, at least a portion of the depth
sensing arm 44 may extend into the housing 12.

In an embodiment, the displacement sensor 40 may com-
prise a linear variable differential transtormer (LVDT) sen-
sor that 1s adapted to sense the position of a core 54 relative
to a coil 48. Accordingly, the housing 12 may contain a coil
48. A proximal end 52 of the displacement sensing arm 44
may 1nclude the core 54 that may interact with the coil 48 of
the displacement sensor 40. Specifically, as shown 1n FIG. 1,
the depth sensing arm 44 1s 1n a retracted position relative to
the orthopedic implant 62. For example, this retracted posi-
tion shown 1n FI1G. 1 may occur when the orthopedic implant
62 1s advanced during placement of the orthopedic implant
62 1n the bone of a patient (e.g., such that the portion of the
orthopedic implant 62 extending beyond the distal edge of
the bushing 64 would be disposed 1n the bone of the patient).
In this regard, the proximal end 52 of the displacement
sensing arm 44 may be disposed within the coil 48 of the
displacement sensor 40. Accordingly, as the proximal end 52
of the displacement sensing arm 44 1s moved relative to the
coil 48, the location of the core 54 may be determined
relative to the coil 48 (e.g., by monitoring the iduced
current of the coil 48) to provide an output that 1s indicative
of the position of the core 54, and 1n turn the position of the
displacement sensing arm 44 relative to the drill housing 12.
That 1s, the depth sensing arm 44 may be displaceable
relative to the coil 48 such that the displacement sensor 42
may be operable to sense a change in position of the depth
sensing arm 44 and output a measure of the displacement
that may be used 1n determining a depth of penetration of the
orthopedic implant 62 relative to a bone 1n which the implant
62 1s inserted. In an embodiment, the total measurable travel
of the core 34 relative to the coil 48 may be at least about
2.5 1 (6.4 cm).

Furthermore, the resolution of the output of the displace-
ment sensor 42 may be about 0.1% (e.g., about 0.002 inches
(0.06 mm) for a sensor having a total measureable travel of
2.5 inches (6.4 cm)).

While a LVDT displacement sensor 1s shown and
described 1n relation to the instrument 10 shown in the
accompanying figures, it may be appreciated that other types
of displacement sensors may be provided. For instance, the
sensor may provide for the absolute or relative measurement
of the position of the distal end 46 of the displacement
sensing arm 44 to provide a displacement measure. For
instance, 1 another embodiment, an optical displacement
sensor may be provided. Other types of displacement sen-
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sors are also contemplated such as, for example, a capacitive
displacement sensor, ultrasonic sensors, Hall effect sensors,
or any other sensors known in the art capable of outputting
an absolute or relative position measure. In any regard, the
use of the bushing 64 that 1s engaged with the displacement
sensing arm 44 may allow for a reference point to be
established using the bushing 64 resting external to the
substrate into which the orthopedic implant 62 1s advanced.

For instance, a controller (described i1n greater detail
below) may receive an input to reset or “zero” the measure
of the displacement sensor 42 when the bushing and leading
edge 10a of the implant 62 are 1n contact with an exterior
surface of the bone into which the implant 62 1s to be
advanced. Accordingly, any relative movement of the ortho-
pedic implant 62 relative to the bushing 64 may be measured
to determine the depth of penetration of the leading edge 10a
of the orthopedic implant 62 as it 1s advanced into a substrate
(e.g., a patient’s bone).

A biasing member 58 (e.g., a coil spring) may be provided
relative to the proximal end 52 of the displacement sensing
arm 44. In this regard, the biasing member 38 may act on the
proximal end 52 of the displacement sensing arm 44 to bias
the displacement sensing arm 44 distally. This may assist in
maintaining the bushing 64 i1n contact with the bone to
increase the accuracy of the displacement sensor 42.

In an embodiment, the displacement sensing arm 44 may
include {features that selectively prevent ejection of the
displacement sensing arm 44 from the instrument in the
distal direction when the displacement sensing arm 44 1s
distally biased. For example, the displacement sensing arm
44 may include at least one flat portion 66 that extends along
a portion of the displacement sensing arm 44. At the
proximal and distal extents of the tlat 66, the displacement
sensing arm 44 may include shoulders 68 that project from
the flat 66. As such, a selectively displaceable stop 70 (best
seen 11 FIGS. 2 and 3) may be disposed relative to the flat
portion 66 such that the flat portion 66 may move distally
and proximally relative to the stop 70. However, the stop 70
may 1nterfere with the shoulder 68 defined 1n the displace-
ment sensing arm 44 to prevent passage of the shoulders 68
beyond the stop 70. That 1s, a distal shoulder 68 may limit
proximal movement of the displacement sensing arm 44
beyond the stop and a proximal shoulder 68 may limait distal
movement of the displacement sensing arm 44 beyond the
stop 70. In this regard, the length of the displacement
sensing arm 44 along which the flat portion 66 extends may
be moveable relative to the stop 70 between the distal and
proximal shoulders 68 defined at the ends of the flat portion
66.

However, the stop 70 may be displaceable by, for
example, depressing a button 72 provided on an exterior of
the housing 12. Thus, upon depressing the button 72, the
stop 70 may be displaced away from the displacement
sensing arm 44 to allow the shoulder 68 to pass by the stop
70 such that the displacement sensing arm 44 may be
removed from the instrument 10. Additionally, the distal end
of the flat 66 may include a detent 74 that may be engageable
with the stop 70 so as to maintain the displacement sensing
arm 44 1n a proximally disposed, retracted position relative
to the housing 12 such as that shown 1 FIG. 1. Once the
button 70 1s depressed and released, the detent 74 at the
proximal end of the flat portion 66 may be released by the
stop 70 and the displacement sensing arm 44 may move
proximally (e.g., under influence of the biasing member 58).
The displacement sensing arm 44 may move proximally
until the shoulder 68 at the distal end of the flat 66 are
engaged to prevent further distal movement of the displace-
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ment sensing arm 44. Accordingly, the displacement sensing,
arm 44 may be retained in a retracted position (e.g., for
improved visibility of the distal end of the orthopedic
implant 62 or to stow the displacement sensing arm 44 when
not 1n use). However, the displacement sensing arm 44 may
be released to be moveable relative to the housing 12.
Moreover, the displacement sensing arm 44 may be remov-
able altogether from the housing 12.

In the latter regard, removal of the displacement sensing
arm 44 and biasing member 38 from the instrument 10 may
allow for separate cleaning (e.g., in an autoclave) of those
members. Additionally, removal of the displacement sensing,
arm 44 may allow for a cleaning apparatus (e.g., a brush or
the like) to be passed through the instrument 10 to facilitate
cleaning thereof.

As referenced above, 1n an embodiment the distal portion
46 of the displacement sensing arm 44 may be adapted to
engage the orthopedic implant assembly 60 (e.g., a bushing
64 thereot) that 1s correspondingly adapted for use with the
instrument 10. In this regard, the orthopedic implant assem-
bly 60 may include the implant 62 and the bushing 64. The
bushing 64 may be adapted for movement along the implant
62 relative to the working axis of the implant 62. The
displacement sensing arm 44 may engage the bushing 64
such that movement of the bushing 64 relative to the implant
62 may also cause relative movement of the displacement
sensing arm 44 relative to the implant 62. The displacement
sensing arm 44 may generally be linear along a proximal
portion 52 of the displacement sensing arm 44. In this
regard, the proximal portion 52 may be adapted to be
parallel with the cannulated passage 76 that extends along
the working axis 16.

Furthermore, the distal portion 46 of the displacement
sensing arm 44 (e.g., the portion distal to the linear portion
of the displacement sensing arm 44) may extend from the
linear portion of the displacement sensing arm 44 toward the
orthopedic implant assembly 60 that may be engaged by the
chuck 20 of the instrument 10. In this regard, the linear
portion of the displacement sensing arm 44 may be substan-
tially parallel to and offset from the working axis 16. The
distal portion 46 may extend from the linear portion in a
direction corresponding with the offset such that the distal
portion 46 extends toward the orthopedic implant assembly
60. This may facilitate engagement between the displace-
ment sensing arm 44 and the bushing 64 of the orthopedic
implant assembly 60 (e.g., using a post and hole as described
in U.S. Pat. No. 9,370,372, which 1s incorporated by refer-
ence herein 1n 1ts enftirety).

The distal portion 46 may be an at least partially arcuate
member extending along a radius of curvature toward the
orthopedic implant assembly 60. However, the distal portion
46 may be shaped differently (e.g., the distal portion 46 may
be a linear portion extending at an angle or perpendicularly
from the proximal portion 52 toward the orthopedic implant
assembly 60). The configuration and operation of the mea-
surement system 40 of the mstrument 10 may be as
described 1n any of the embodiments in U.S. Pat. Nos.
6,665,948, 9,370,372, or U.S. Patent Pub. No. 2016/
0128704, all of which are incorporate by reference herein 1n
their entireties. Moreover, operation of the bushing 64 in
relation to the displacement sensing arm 44 may be accord-
ing to any of the foregoing documents incorporated by
reference. In this regard, the bushing 64 may interact with
the orthopedic implant 62 1 a manner similar to that
described in relation to the bushing interacting with the drill
bit or other instrument working portion described in the
foregoing documents incorporate by reference.
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As described briefly above, the chuck 20 may be selec-
tively engageable and disengageable with the instrument 10.
In this regard, various different chucks may be selectively
utilized in conjunction with the mstrument 10. To facilitate
the different chucks, the instrument 10 may provide a
standardized chuck engagement format to engage the vari-
ous different potential embodiments of chucks 20 that may
be utilized with the mstrument 10. In this regard, as may be
appreciated i FIG. 4, the instrument 10 may include a
corresponding chuck drive coupling 78 that engages with a

chuck 20 to impart rotational motion from the drive system
30 to the chuck 20. In this regard, the chuck 20 may be

detachable from the drill 50. The chuck drive coupling 78
may be 1n operative communication with the drive system
30 such that the drive system 30 rotates the drive coupling
78. In turn, the chuck drive coupling 78 may engage with the
chuck 20 to rotate at least a portion thereof. Furthermore,
any chuck 20 configured for engagement with the instrument
10 may include a cannulated passage 22 that i1s alignable
with the cannulated passage 76 of the mstrument when the
chuck 20 1s engaged therewith.

With further reference to FIG. 5, the proximal end of the
chuck 20 may include a chuck drive shait 24 disposed
relative to slots 26. The slots 26 may coordinate with
corresponding tabs 80 provided with the mstrument 10
adjacent to the chuck drive coupling 78 (best seen i FIG.
6B) to retain the chuck 20 relative to the instrument 10. In
turn, the chuck drive shaft 24 may be keyed or otherwise
configured such that the chuck shaft 24 engages the chuck
drive coupling 78 of the mstrument 10. In turn, the chuck
drive coupling 78 may impart rotational motion to the chuck
drive shaft 24 to rotate an orthopedic implant 62 engaged
with the chuck 20. The slots 26 may coordinate with the tabs
80 so as to allow the chuck 20 to be quickly attached and/or
released from the mstrument 10 by engagement of the slots
26 with the tabs 80. This may be appreciated from FIG. 5,
where 1t 1s illustrated that the slots 26 may include a first
portion 26qa that extends parallel to the working axis 16.

The chuck may be advanced toward the chuck drnive
coupling 78 along the working axis 16 such that the tabs 80
travel along the first portion 26a to the distal end thereof.
The slots 26 may also include a second portion 265 that
extend circumierentially about the chuck 20. As such, once
the tabs 80 abut the distal end of the first portion 26aq,
rotation of the chuck 20 may move the second portion 2656
such that the tabs 80 extend into the second portion 265, thus
restricting the chuck 20 from movement relative to the
working axis 16. That 1s, when the tabs 80 are disposed in
the second portion 265, the second portion 265 may be sized
as to engage the tabs 80 to limit axial movement of the chuck
20 relative to the working axis 16 (e.g., to allow the chuck
20 to travel relative to the force sensor 30 for transferring
force thereto, but to disallow the chuck 20 from moving
distally from the instrument 10). Further locking mecha-
nisms may be provided to prevent the chuck 20 from rotating
relative to the working axis 16 when engaged so that the tabs
80 do not slip from the second portion 265. For example, a
release may be provided to lockingly maintain the chuck 20
in position to the instrument 10 such that the chuck 20 is
only released for removal upon actuation of the release.
Thus, the chuck 20 may be quickly and ethiciently attached
and detached from the instrument 10.

With further reference to FIGS. 6A and 6B, cross sec-
tional views of the mstrument 10 with orthopedic implant
assembly 60 engaged therewith are shown. As may be
appreciated, the chuck shaft 24 may engage the chuck drive
coupling 78. As may also be appreciated, the chuck 20 may




US 10,588,630 B2

21

be operatively engaged with the instrument 10 such that the
slots 26 of the chuck 20 are engaged with the tabs 80 to
maintain the chuck 20 in engagement with the drive system
30. As will be appreciated in the following discussion, any
or all of the chuck embodiments described below may have
a similar engagement structure for selective engagement
with the mstrument 10. In this regard, any of the following,
embodiments of chucks may be interchangeably engaged
with the mstrument 10 for utilization with the mstrument in
a manner described below.

For instance, FIG. 7 depicts an embodiment of a chuck
200. The chuck 200 may be utilized to engage a smooth-
walled orthopedic implant such as a K-wire, IM pin, or other
orthopedic implant to be placed utilizing the instrument 10.
The chuck 200 generally includes a chuck body 202 that
may 1nclude a proximal portion having engagement features
such as slots 26 described above for attachment to the
instrument 10. The chuck 200 may include an actuation
lever 204 extending from the chuck body 202. During
operation, a user may grasp the actuation lever 204 to
engage the orthopedic implant with the chuck 200. In this
regard, the actuation lever 204 may be contoured so as to
dispose a free end of the actuation lever 204 adjacent to a
handle of the mstrument 10 such that the user may easily
grasp the actuation lever 204 when holding the instrument
10. However, a user may be required to maintain a force or
the activation lever 204 to engage an orthopedic implant 62
with the chuck 200.

With further reference to FIGS. 8 and 9, the internal
components of the chuck 200 are depicted. As such, in FIG.
8, the chuck body 202 1s not shown for clanty. FIG. 9 15 a
cross sectional view of the chuck 200 taken along a plane 1n
which the working axis 16 lies. The actuation lever 204 may
be engaged with the chuck body 202 at a pivot 206. In turn,
upon movement of the actuation lever 204 by the user (e.g.,
by squeezing of the actuation layer 204 by the user of the
instrument 10), the actuation lever 204 may move about the
pivot 206. A fork 208 may be disposed opposite the pivot
206 from the lever arm 204. The fork 208 may engage a
collar 210 disposed within the chuck body. The collar 210
may comprise or be 1in contact with a cam member 212. The
cam member 212 and collar 210 may be biased toward the
proximal portion 2135 of the chuck body 202 (1.e., toward the
engagement portion of the chuck 200 that interfaces with the
mstrument 10). The cam member 212 may define cam
surfaces 216 that engage locking rollers 214 that may be
disposed about the working axis 16. The locking rollers 214
may comprise jaw members that engage the orthopedic
implant. The cam surfaces 216 may be configured such that
when the cam member 212 1s biased proximally (e.g., when
the user 1s not grasping the actuation lever 204), the cam
surfaces 216 allow the locking rollers 214 to be displaced
away Irom the working axis 16. In turn, an orthopedic
implant 62 may be freely passed into the cannulated passage
218 of the chuck 200. The locking rollers 214 may be
displaced away from the cannulated passage 218 to accom-
modate movement of the orthopedic implant in the cannu-
lated passage 218 1n a direction along the working axis 16.

Upon placement of the orthopedic implant 62 at the
desired location within the cannulated passage 218, the user
may grasp the actuation lever 204. This may cause the fork
208 to advance distally toward the distal end 216 of the
chuck 200 as the actuation lever 204 1s moved proximally
toward the handle of the instrument 10. The distal movement
of the fork 208 may overcome the bias force applied to the
collar 210 and cam member 212, thus moving the cam
member 212 distally. The distal movement of the cam
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member 212 may advance the cam surfaces 216 relative to
the locking rollers 214. The cam surfaces 216 may be
contoured such that upon distal advancement of the cam
member 212, the locking rollers 214 are urged radially
toward the working axis 16. As the locking rollers 214 may
be advanced toward the working axis 16, an orthopedic
implant disposed 1n the cannulated passage 218 may be
gripped by the locking rollers 214 that are urged toward the
working axis 16. In turn, grasping of the actuation lever 204
by the user may result in the locking rollers 214 being urged
by the cam surfaces 216 of the cam member 212, thus
forcing the locking rollers 214 radially toward the orthope-
dic implant contained within the cannulated passage 218
prevent axial movement of the orthopedic implant within the
cannulated passage 218.

The chuck 200 may also include a chuck drive shaft 24
engageable with the chuck drive coupling 78 to be rotated by
the drive system 30. In turn, radial bearings 222 may be
provided to support the rotational movement of the chuck
drive shait 24 and/or limit axial movement thereof. The
chuck drive shait 24 may be engaged with the cam member
212 such that rotational movement of the chuck drive shaft
24 also rotates the cam member 212. As such, when the cam
member 212 1s engaged with an orthopedic implant via the
locking rollers 214, the orthopedic implant may also be
rotated about the working axis 16.

With further reference to FIGS. 10 and 11, another
embodiment of a chuck 300 1s depicted. The chuck 300 may
include an arrangement including a collar 210, cam member
212, and locking rollers 214 similar to that described above
in relation to the embodiment 200. However, positioning of
the collar 210 and cam member 212 to engage and disengage
the locking rollers 214 may be controlled by a rack and

pinion mechanism 310. The rack and pinion mechanism 310
may include an actuation lever 304. The actuation lever 304
may be within reach of the user of the instrument 10 when
the chuck 300 1s engaged therewith. For example, the
actuation lever 304 may be reached by a thumb of the user
to apply force to the actuation lever 304 when the user
utilizes the mstrument 10. In this regard, the actuation lever
304 may be placed on either side of the chuck 300 for
ambidextrous use by a surgeon.

The actuation lever 304 may be operatively engaged for
co-rotation with a gear 312. As such, a force acting 1n the
direction of the arrow 302 1n FIG. 10 may cause clockwise
rotation of the gear 352 as viewed 1n FIG. 11. The gear 312
may be meshed with a pimion gear 314 that may engage a
rack 316 disposed on the collar 210. In turn, upon applica-
tion of the force 302, the gear 352 may be urged nto
clockwise motion, thus urging the pinon gear 314 into
counterclockwise motion. This may act upon the rack 316 of
the collar 210 to induce movement of the collar 210 distally
to position the cam member 212 for selective engagement of
the locking rollers 214 with the orthopedic implant disposed
in the cannulated passage 218 of the chuck 300. The rack
316 may be locked 1n this engaged position by a locking
member 318. As may be appreciated, upon release of the
force 302 (and/or release by the locking member 318), the
actuation lever 304, gear 312, and pinion gear 314 may be
relaxed or allowed to pi1vot such that the biasing of the cam
member 312 and collar 310 disengages the locking wheels
214 from the orthopedic implant. The locking member 318
may engage when the actuation lever 304 1s moved 1nto a
position to engage the orthopedic implant 62. In this regard,
the locking member 318 may include a locking clutch that
prevents rotation of the gear 312 1n a direction correspond-
ing to release of the orthopedic implant 62. The locking
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clutch may be released by movement of the lever actuator
304 in a direction along an axis about which the gear 312
rotates. For instance, the lever actuator 304 may be moved
in a direction toward or away from the gear 312 to release
the locking clutch to allow the lever actuator 304 to be
moved 1n a direction corresponding to release of the ortho-
pedic implant 62. In other embodiments, the locking mem-
ber 318 may comprise a pin to fix the gear 312 and/or a fixed
gear that 1s introducible 1n meshed engagement with the gear
312 to prevent movement thereol.

FIGS. 12 and 13 depicted another embodiment of a chuck
400. The chuck 400 may include structure similar to that
described 1n relation to the chuck 300 with the exception that
the actuation lever 304 may be replaced with a wheel 402
that may be rotatable for rotation of a gear 404. The gear 404
may be directly engaged with a rack 404 disposed on the
collar 210. In turn, movement of the collar 210 to urge the
cam member 212 may result from rotation of the wheel 402.

Also, the embodiment of the chuck 400 may include cam
blocks 414 rather than locking wheels 212. The cam blocks
414 may still interact with the cam surfaces 216 of the cam
member 212 such that the cam blocks 414 engage and
disengage an orthopedic implant with distal and proximal
movement of the cam member 212, respectively. In this

regard, the cam blocks 414 may comprise jaw members of
the chuck 400.

FIGS. 14A, 14B, and 15 depict another embodiment of a
chuck 500 may be utilized to engage an orthopedic implant
62 disposed within a cannulated passage 318 defined by the
chuck 500. The chuck 500 may include a plurality of
bearings 502 disposed within a chuck housing 504. The
bearings 502 may support a chuck driveshaft 506. The chuck
driveshaft 506 may be adapted for engagement with the
chuck engagement coupling 78 of the mstrument 10. That 1s,
the mstrument may 1mpart rotational movement of the chuck

driveshaft 506. Chuck driveshaft 506 may include a
threaded surface 3508. The threaded surface 508 may be
threadably engageable with a threaded portion 510 of a cam
member 512. In this regard, the cam member 512 may be
threadably engaged with the threaded surface 508 of the
chuck driveshaft 506. As such, relative rotational motion
between the cam member 512 and the chuck driveshaft 506
may cause relative axial movement between the cam mem-
ber 512 and the chuck driveshaft 506 as the threads engage
and disengage with motion. The cam member 512 may
include cam surfaces 514. The cam surfaces 514 may
contact chuck blocks 516. In this regard, the cam blocks 516
may be maintained against the cam surfaces 514 of the cam
member 512 such that the cam blocks 516 are urged radially
toward the working axis 16 upon distal movement of the
cam member 512 as described above. The chuck blocks 516
may comprise jaw members of the chuck 500.

The cam member 512 may be aligned with an annular
support 520 that may be disposed within the cam body 504.
The annular support 520 may include a rod 522 that may
extend externally to the cam body 504. The rod 522 may be
supported by the annular support 520 and be biased 1n a
direction radially away from the working axis 16. The cam
member 512 may comprise a slot 524 that may be alignable
with the rod 522 supported by the annular support 520. As
such, when the slot 524 and the rod 522 are aligned, the rod
522 may be displaced from the externally extending portion
of rod 522 extending outside the cam body 504 such that the
rod 522 may be advanced radially toward the working axis
16 beyond the annular support 320 and 1nto the slot 524. The
slot 524 may be dimensioned to allow for axial movement
of the cam member 512 when the rod 522 1s disposed 1n the
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slot 524, but the rod 522 may engage the cam member 512
to prevent rotation of the cam member 512 about the
working axis 16. That 1s, advancement of the rod 522 to
the slot 524 of the cam member 512 may cause the cam
member 512 to be locked relative to radial rotation about the

working axis 16. In turn, continued operation of the instru-
ment 10 to induce rotation of the cam driveshait 504 may
result 1n relative rotation between the driven cam driveshatt
506, which rotates, and the locked cam member 512, which

1s prevented from rotation by the rod 522. In turn, the
relative rotational movement between the internally
threaded surface 508 and the threaded portion of the cam

member 5312 may induce relative axial movement between
the cam member 512 and the chuck driveshait 506. This

relative axial movement may cause the cam member 512 to
be moved distally to engage the cam blocks 516 such that the
cam blocks 516 are urged by the cam surfaces 514 of the
cam member 512 to move the cam blocks 516 radially
toward the axis 16 to engage the orthopedic implant 62.
In turn, the rotational motion imparted by the 1nstrument
10 may be utilized to engage and disengage the orthopedic
implant 62 of the chuck 500 when the rod 522 1s depressed
into the slot 524. That 1s, upon normal operation where the
rod 522 may be biased radially away from the axis 16 such
that the slot 524 of the cam member 512 1s not engaged by
the rod 522, the cam member 512 may co-rotate with chuck
driveshait 506 for normal operation. As the cam member
512 may engage an orthopedic implant 62, the orthopedic
implant may also be rotated when engaged by the cam
member 512. Upon engagement of the rod 522 with the slot
524 such that the rod 524 prevents radial movement of the
cam member 512, continued operation of the mstrument 10

may result 1n relative rotational motion of the chuck drive-
shaft 506 and the cam member 512. As such, the instrument
10, upon engagement of the rod 522 with the slot 524 of the
cam member 512, may be utilized to advance and retract the
chuck blocks 516 to engage and disengage the orthopedic
implant 62.

With further reference to FIGS. 50-56 another embodi-
ment of a chuck 550 1s depicted. Like a number of the
chucks described above, the chuck 5350 may allow for
engagement of an orthopedic implant 62 (not shown 1n
FIGS. 50-56) without requiring external force be applied by
a user of the mstrument. In this regard, the chuck 550 may
be utilized in conjunction with an mstrument 10 having a
measurement system 40 as described. Because the chuck
550 may not require application of an external force to the
chuck 550 to maintain engaged with the orthopedic implant,
the chuck 350 may provide more precise and accurate
measurements resulting from the measurement system 40.
Moreover, as may be appreciated from the discussion to
tollow, the chuck 550 may allow for engagement of an
orthopedic implant when the chuck 530 1s moved in a
direction to advance the orthopedic implant 62 relative to the
bone of the patient. However, the chuck 350 may, 1n at least
some states, allow for retraction of the chuck 550 relative to
the orthopedic implant such that the chuck 550 disengages
automatically upon retraction of the chuck 550 from the
orthopedic 1mplant. In this regard, the chuck 550 may be
utilized such that the chuck 550 engages the orthopedic
implant 62 upon a motion tending to advance the orthopedic
implant 62 linearly relative to the bone of the patient.
Additionally, the chuck 550 may be readily retracted relative
to the orthopedic implant such that repeated advancement in
retraction may be accomplished without requiring the user to
take additional action to engage and disengage the chuck
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550 with the orthopedic implant other than merely advanc-
ing and retracting the chuck 550 relative to the orthopedic
implant.

With specific reference to FIG. 50, the chuck 550 may
include a cannulated passage 3552 that generally extends
along a working axis 16 of the chuck 3550. Specifically, the
cannulated passage 552 may be aligned with the cannulated
passage 76 of the instrument 10 to accept an orthopedic
implant 62 relative to the cannulated passage 76 and the
cannulated passage 552. In this regard, the chuck 350 may
include an engagement portion 592 at a proximal end thereof
that may engage the instrument 10 1n the manner described
in relation to FIGS. 5-6B above. In this regard, the chuck
550 may be used interchangeably with the instrument 10 as
described above.

FIG. 51 depicts a cross-sectional view of the chuck 550
taken along the working axis 16. The chuck 550 may include
an orthopedic implant engagement portion 554. With addi-
tional reference to FIGS. 52 and 53, the orthopedic implant
engagement portion 554 1s shown 1n 1solation. The ortho-
pedic implant engagement portion 554 may include a drive
shaft 562 that may engage a chuck drive coupling 78 as
described above. In this regard, the mstrument 10 may be
operative to impart rotational motion to the orthopedic
implant engagement portion 354 when the engagement
portion 592 1s engaged with the instrument 10.

The orthopedic implant engagement portion 554 may also
include a plurality of roller members 556. The roller mem-
bers 556 may be disposed radially about the cannulated
passage 552. The roller members 556 may comprise a
plurality of jaw members that are used to engage an ortho-
pedic implant disposed in the cannulated passage 552. While
three roller members 556 are shown, additional or fewer
roller members may be provided. As shown, the roller
members 556 may be disposed about the working axis 16
such that the rollers 556 are disposed at various radial
positions about the cannulated passage 356. The roller
members 556 may be evenly spaced about the cannulated
passage 556. While not shown, the roller members 356 may
be provided 1n opposing pairs such that each roller member
556 may have a coordinating roller member 556 spaced
opposite the cannulated passage 556. This arrangement may
assist 1n imparting a clamping force to an orthopedic implant
as described 1n greater detail below.

The roller members 556 may be engaged with the ortho-
pedic implant engagement portion 554 such that the roller
members 556 are pivotal about an axle member 538. The
axle member 558 may define a pivot axis 560. Specifically,
the pivot axis 560 may be orthogonal to the working axis 16
and oflset there from. In turn, the roller members 356 may
be operative to pivot toward or away from the working axis
16 upon pivotal movement about the axle 558. With specific
reference to FIG. 53, 1t may be appreciated that upon
clockwise rotation of the roller member 356 shown 1in
cross-section 1n FIG. 53, the roller member 556 may pivot
toward the working axis 16. In turn, clockwise rotation of
the roller member 556 may result 1n the roller member 556
engaging an orthopedic implant disposed within the cannu-
lated passage 552.

With further reference to FI1G. 54, the orthopedic implant
engagement portion 554 1s shown 1n relative position with a
cam member 564, which 1s also depicted mm FIG. 51.
Specifically, the cam member 564 may include an annular
ramp surface 568 that may be disposed so as to contact the
roller members 556 of the orthopedic implant engagement
portion 354 on a side of the roller members 556 opposite the
side adjacent to the working axis 16. With returned reference
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to FIG. 51, the cam member 564 may be abutted distally
with a bearing 570 that 1s 1 turn distally abutted by a drive
ring 594. A biasing member 586 may be deposed distally to
the drive ring 594 and between the drive ring 594 and an
endcap 384 of the chuck 550. The biasing member 586 may
serve to bias the drive ring 394, bearing 570, and cam
member 564 proximally such that the ramped surface 568
engages with and urges the roller members 556 toward the
working axis 16.

Accordingly, 1t may be appreciated that when an ortho-
pedic implant 1s disposed 1n the cannulated passage 552, the
roller members 556 may be biased into contactable engage-
ment with the orthopedic implant upon influence by the
ramp surface 568 of the cam member 564, which 1s biased
proximally by the biasing member 586. Additionally, the
axle 558 may engage the roller member 556 1n an eccentric
manner relative to the roller member 556. In turn, the pivotal
axis 560 of the roller member 556 may be located proxi-
mally relative to the center of the roller member 356. In this
regard, as the chuck 550 1s advanced distally relative to the
orthopedic implant 62, the roller member 556 may contact
the orthopedic implant. The frictional engagement between
the roller member 556 and the orthopedic implant may cause
the roller member to experience a moment acting on the
roller member 556 that tends to pivot the roller member 556
about the axle 558, thus driving the roller member 556
toward the working axis 16. That 1s, as the chuck 3550 1s
advanced distally relative to an orthopedic implant with
which the roller member 556 1s 1n contact, the roller member
556 1s further urged into engagement with the orthopedic
implant such that the orthopedic implant engagement por-
tion 554 clampingly engages the orthopedic implant.

However, upon a motion to retract the chuck 550 relative
to the orthopedic implant, the {rictional engagement
between the orthopedic implant 1n the roller member 5356
may cause the roller member to undergo pivotal rotation
about the axle 558 1n a direction opposite of that when the
chuck 5350 1s advanced. The motion to retract the chuck 550
may result 1in the roller member 556 being irictionally
engaged to induce a moment on the roller member 556 that
rotates the roller member 556 1n a direction opposite of that
when the chuck 550 1s advanced such that the roller member
556 1s displaced away from the working axis 16. In turn, the
roller member 556 may bear against the ramp surface 558
causing the cam member 564, bearing 570, and drive ring
594 to move distally against the force of the biasing member
586. In turn, the roller member 556 may be displaced away
from the orthopedic implant, thus allowing the chuck 550 to
be withdrawn proximally relative to the orthopedic implant.
However, upon further advancement of the chuck 550
distally relative to the orthopedic implant, the roller member
556 may again be pivoted about the axle 558 1n a direction
tending to rotate the roller member 556 1n a direction
towards the working axis 16 to again clampingly the ortho-
pedic implant disposed within the cannulated passage 552.

Thus, the operation of the chuck 550 may include a biased
state wherein the chuck 550 may clampingly engage an
orthopedic implant upon a linear motion of advancement of
the chuck 550 relative to the orthopedic implant. Such
engagement of the orthopedic implant upon the motion of
linear advancement of the chuck 550 may result from the
biasing force imposed by the biasing member 386 on the
cam member 564 such that the ramp 568 causes the roller
members 5356 to contact the orthopedic implant disposed
within the cannulated passage 552 of the chuck 550. How-
ever, the chuck 550 may also be disposed 1n a number of
alternative states, namely a locked open and a lock closed
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state. The various states of the chuck 550 may be controlled
by operation of a control ring 572. Namely, the control ring
572 may have a set screw 588 engaged with the control ring
572 and extending radially toward the working axis 16. The
set screw 388 may extend through a side wall 596 of the
chuck 550 and be disposed within a slot 580 that 1s provided
in the drive ring 394 as best seen 1n FIGS. 55-56.

The slot 580 may include an angled portion 578 extending,
relative to the ring member 594. When the set screw 588 1s
disposed 1n the angled portion 578 of the slot 580, the
control ring 572 and set screw 388 may allow the drive ring
594 to freely move relative to the set screw 588. That 1s,
movement of the drive ring 594, and 1n turn the cam member
564, may be unrestrained for proximal and distal axial
movement with concurrent movement of the set screw 588
relative to the angled portion 578 of the slot 580. In turn,
upon influence of the biasing member 586 and 1n response
to the influence of the roller members 356 on the ramp
surface 568, the ring member 5394 may be allowed to freely
move when the set screw 588 15 disposed within the angled
portion 578 of the angled slot 580. In addition to the slot 580,
a guide slot 576 may be defined 1n the chuck sidewall 596.
The set screw 388 may also pass through the guide slot 576
of the chuck sidewall 596. The guide slot 576 may extend
circumierentially along a portion of the circumierence of the
chuck sidewall 596 that corresponds to the circumierential
extent of the slot 580. In turn, as the set screw 588 traverses
along the angled portion 578 of the slot 580, the set screw
588 may also move relative to the guide slot 576. In this
regard, the control ring 572 may rotate circumierentially
upon movement of the drive ring 594 1n a proximal or distal
axial direction.

Additionally, the angled slot 380 may include a flat
portion 382 that extends circumierentially. When the control
ring 572 1s rotated so as to disposed the set screw 588 1n the
flat portion 580, the ring member 5394 may be prevented
from moving axially. Specifically, the flat portion 382 may
be at the proximal end of the angled slot 580. In this regard,
when the set screw 588 1s disposed 1n the flat portion 582,
the ring member 5394 may be disposed i a locked axial
position that 1s a distal position, thus locking the ring
member 394 distally against the influence of the biasing
member 586 such that the cam member 564 and ramp
surface 568 do not bear upon the roller members 556.
Accordingly, motion of the roller member 556 1n either
movement of advancement or retraction relative to an ortho-
pedic implant disposed within the cannulated portion 5352
may not result i suflicient frictional engagement between
the roller member 356 and the orthopedic implant to result
in movement of the roller member 556. In turn, when the set
screw 388 1s disposed within the flat portion 582 of the
angled slot 580, the ring member 594 may be locked distally
such that the chuck 350 1s 1 a locked open state and the
chuck 550 does not engage the orthopedic implant whether
moved 1 a linear motion of advancement or retraction
relative to the orthopedic implant.

Additionally, the chuck 550 may be also disposed 1n a
lock closed state. In this regard, a threaded sleeve 574 may
be disposed on the control ring 572. The threaded sleeve 574
may be threadably engaged with the control ring 372. In
turn, the threaded sleeve 574 may be moved 1n threaded
engagement relative to the control ring 572 such that the
threaded sleeve 574 abuts a bulkhead 590 of the chuck 550.
In turn, when the threaded sleeve 574 1s tightened against the
bulkhead 590, any rotation of the control ring 372 may be
prevented. As such, the set screw 588 may not be allowed to
traverse within the guide slot 576. In this regard, the set
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screw 588 may also prevent distal movement of the drive
member 594, bearing 570, and cam member 564. In this
regard, the roller members 556 may be locked 1nto engage-
ment with an orthopedic implant disposed within the can-
nulated passage 552. In this regard, even upon a motion of
retraction of the chuck 550 relative to the orthopedic implant
62, the roller member 5356 may not be allowed to displace the
cam member 564 such that the roller member 556 remains
engaged with the orthopedic implant even upon retraction.

FIGS. 57-66 illustrate a further embodiment of a chuck
950 may be utilized to engage an orthopedic implant (not
shown) upon relative motion of the chuck 950 relative to the
orthopedic implant. In contrast to the embodiment of the
chuck 550 described above, the chuck 950 may have a state
in which the chuck 950 may engage the orthopedic implant
upon relative rotational motion of the chuck 950 in relation
to the orthopedic implant. In this regard, upon rotation 1n a
first direction (e.g., clockwise), the chuck 950 may be
operative to engage the orthopedic implant for advancement
thereof. However, counter rotation (e.g., counterclockwise)
of the chuck 950 relative to the orthopedic implant may
allow for the orthopedic implant to be disengaged by the
chuck 950. In turn, upon the counter rotation of the chuck
950 relative to the orthopedic implant, the chuck 950 may be
retracted relative to the orthopedic implant. Upon further
rotation of the chuck 950 relative to the orthopedic implant,
the orthopedic implant may be again engaged for further
advancement thereof. In this regard, the embodiment of the
chuck 950 depicted 1n FIGS. 57-66 may allow for selective
engagement and disengagement of the orthopedic implant of
the chuck 950 without requiring a user to actively interface
with the chuck 950 for engagement and disengagement of
the chuck 950 with the orthopedic implant. In addition, the
chuck 950 may engage the chuck upon linear advancement
of the chuck 950 as described above in relation to the

embodiment of the chuk 550.

With 1mitial reference to FIG. 57, the chuck 950 may
include a cannulated passage 952 that generally extends
along a working axis 16 of the chuck 950. Like the cannu-
lated passage 352 described above 1n relation to chuck 550,
the cannulated passage 952 may be alignable with a cannu-
lated passage 76 of an mstrument 10 to accept an orthopedic
implant 62 (not shown in FIGS. 57-66) in the cannulated
passage 76 and cannulated passage 952. The chuck 950 may
also include an engagement portion 952 at the proximal end
thereof that may engage the instrument 10 1n the manner
described in relation to FIGS. 5-6B above. Accordingly, the
chuck 950 may also be interchangeable with the mstrument
10 1n a manner as described above.

FIG. 58 depicts a cross-sectional view of the chuck 950
taken along the working axis 16. The chuck 950 may also
include an orthopedic engagement portion 954 which 1is
shown 1n 1solation and FIGS. 59-63. The orthopedic implant
engagement portion 954 may include a driveshait 962 that
may engage a chuck drnive coupling 78 as described above.
Accordingly, the istrument 10 may be operative to impart
rotational motion to the orthopedic implant engagement
portion 954 when the engagement portion 992 1s engaged
with the instrument.

As can be appreciated i FIGS. 59-63, the orthopedic
implant engagement portion 954 may include a plurality of
spherical members 956 that are disposed within helical
channels 958 of the orthopedic implant engagement portion
954. Specifically, the spherical members 956 may extend
into the cannulated passage 952. Accordingly, the spherical
members 956 may comprise jaw members for clampingly
engaging an orthopedic implant disposed within the cannu-
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lated passage 952. The helical channels 958 may be defined
in a slide member 960. As may be appreciated, the slide
member 960 may move axially relative to the cannulated
passage 592. When the slide member 960 1s moved proxi-
mally, the spherical members 956 may be allowed to move
away from the working axis 16. That 1s, the helical channels
958 may be shaped such that the distal portions thereof allow
movement of the spherical members 956 away from the
working axis 16. However, when the slide member 960 1s
moved distally, the spherical members 956 may be moved
proximally relative to the helical channels 958, which may
constrict such that the spherical members 956 are urged
towards the working axis 16.

A cam member 964 having a ramp surface 968 may be
provided 1n position relative to the slide member 960. The
cam member 964 may urge the slide member 960 distally
under influence of a biasing member 986 as best seen 1n FIG.
58. Moreover, the helical channels 958 may be arranged
such that rotation in a first direction may further urge the
spherical members 956 towards a proximal portion of the
helical channels 958, thus causing the spherical members
956 to be urged towards the working axis 16. In contrast,
rotation 1n a second direction opposite the first direction may
tend to cause the helical channels 958 to urge the shide
member 960 proximally against the force imparted by the
biasing member 986 such that the spherical members 956
may move distally relative to the helical channels 958, thus
allowing the spherical members 956 to move away from the
working axis 16.

Accordingly, rotation 1n the first direction (e.g., a direc-
tion tending to induce advancement of an orthopedic
implant) may cause the slide member 960 to move distally
such that the spherical members 956 are urged towards a
proximal portion of the helical channels 958 such that the
spherical members 956 are urged toward the working axis 16
to clampingly engage an orthopedic implant disposed within
the cannulated passage 952 of the chuck 950. In contrast,
counter rotation of the chuck 950 1n a direction opposite the
first direction may result in the spherical members 956
acting on the helical channels 958 to cause the spherical
members 956 to move distally relative to the helical chan-
nels 958, thus causing proximal motion of the slide member
960 against the force imparted by the biasing member 986
allowing the spherical members 956 to move away from the
working axis 16. That 1s, rotation of the first direction may
cause the spherical members 956 to clampingly engage an
orthopedic implant disposed in the cannulated passage 952
and rotation 1n the second direction may cause the spherical
members 956 to release the orthopedic implant.

With returned reference to FIG. 58 and with further
reference to FIGS. 64-66, the chuck 950 may include
features that, like the chuck 550, allow the chuck to be
disposed between a biased state, a locked open state, and a
lock closed state. The chuck 950 may include a control ring
972 that includes a set screw 988 engaged therewith such
that the set screw 988 extends radially towards the working
axis 16. Specifically, the set screw 988 may pass through a
guide slot 976 and a side wall 996 of the chuck 950. The set
screw 988 may also engage a slot 980 disposed 1n a drive
ring 994. The drive ring 994 may be constrainedly engaged
with the cam member 964 for co-movement therewith. In
turn, when the set screw 988 1s disposed 1n an angled portion
978 of the slot 980, the drive ring 994 may be allowed to
move proximally or distally based on the movement of the
cam member 964 under the influence described above 1n
relation to rotation of the orthopedic engagement portion
954. That 1s, when the set screw 988 1s disposed 1n the
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angled portion 978 of the slot 980, the set screw 988 may be
allowed to move within the guide slide 976 such that the
drive ring 994 may be moved proximally in distally. The
drive ring 994 may be biased to a distal position by the
biasing member 986. Thus, the chuck 950 may engage an

disengage an orthopedic implant based on imnduced rotation

of the orthopedic implant engagement portion 954 as
described above.

However, the chuck 950 may also be disposed 1n a locked
open state. Specifically, the control ring 972 may be rotated
such that the set screw 988 engages a flat portion 982 of the
slot 980 that extends circumierentially relative to the work-
ing axis 16. In this regard, when the set screw 988 1is
disposed 1n the flat portion 982 of the slot 980, the drive ring
994 may not be allowed to move axially. As the flat portion
982 may be disposed at a distal end of the slot 980, the drive
ring 994 may be locked in a proximal position against the
influence of the biasing member 986. In this regard, the cam
member 964 may also be moved proximally relative to the
slide member 960 such that the spherical members 956 are
allowed to move away from the working axis 16 by moving
into the distal portions of the helical channels 9358. In turn,
when the set screw 988 1s disposed 1n the flat portion 982 of
the slot 980, the chuck 950 may be in a locked open state
such that the spherical members 956 did not engage the
orthopedic implant regardless of whether rotated 1n the first
direction and a second rotation.

The chuck 950 may also be disposed 1n a lock closed state.
The control ring 972 may have a threaded lock ring 974 1n
threaded engagement with the control ring 972. In this
regard, when the set screw 988 1s disposed 1n the angled
portion 978 of the slot 980 and the spherical members 956
are disposed 1in clamping engagement with the orthopedic
implant 1n the cannulated passage 952, the lock ring 974
may be advanced distally relative to the control ring 972
until the lock ring 974 abuts the end 984. In turn, the lock
ring 974 may be tightened against the endcap 984 by further
distal advancement of the lock ring 974 relative to the
control ring 972 by threaded engagement therebetween. In
turn, the control ring 972 may be prevented from undergoing
turther rotation such that the set screw 988 may be disposed
in a set position and the angled portion 978 such that the cam
member 964 1s locked 1n a distal position, thus causing the
spherical members 956 to be maintained 1 a position
towards the working axis 16 such that the orthopedic
implant 1s engaged regardless of the direction of rotation of
the chuck 9350.

The foregoing embodiments of chucks may be utilized to
engage traditional orthopedic implants (e.g., smooth walled
implants). Accordingly, these chuck embodiments may, 1n at
least some applications, be utilized during traditional opera-
tions where the measurement system 40 of the mnstrument 10
may not be utilized. As such, the components of the mea-
surement system 40 (e.g., the displacement sensing on 44
and particularly the distal portion 46 of the displacement
sensing arm 44) may not be utilized. In one embodiment, the
structure of the displacement sensing arm 44 described
above allows the distal portion 46 to be maintained 1n a
stowed, proximal position relative to the orthopedic implant
62. That 1s, the detent 74 on the displacement sensing arm
44 may be engaged by the stop 70 such that the displacement
sensing arm 44 1s retained in the proximal, stowed position.
This may be utilized to maintain the displacement sensing
on 44 1n a position that reduces interference of the compo-
nents of the measurement system 40 with traditional implant
placement operations.
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FIGS. 16 and 17 depict another embodiment of a mecha-
nism for maintaining the displacement sensing arm 44 1n a
stowed position relative to the orthopedic implant engaged

by the chuck 20 when the placement sensing on 44 1s not
utilized. The embodiment described 1n FIGS. 16 and 17 may

be utilized 1n place of or 1n addition to the structure of the
displacement sensing arm 44 described above for maintain-
ing the displacement sensing on 44 and a proximately biased
position. FIGS. 16 and 17 depict an embodiment of a
displacement sensing arm retention member 600. The reten-
tion member 600 may include a clasp 604 adapted to engage
the displacement sensing arm 44 of the instrument 10.
Specifically, the clasp 604 may include a contoured pocket
606. The contoured pocket 606 may be shaped to accom-
modate the distal portion 46 of the displacement sensing arm
44. Specifically, the contoured pocket 606 may be shaped to
accommodate the portion of the distal portion 46 of the
displacement sensing arm 44 that 1s aligned with the clasp
604 when the displacement sensing arm 44 1s arranged 1n a
proximal, stowed position such as that shown in FIG. 1.

The clasp 604 may be displaceable relative to the dis-
placement sensing arm 44 so as to allow the clasp 604 to be
moved to allow the displacement sensing arm 44 to move
while displacement sensing on 44 1s placed nto the proxi-
mal, stowed position shown 1 FIG. 1. Once the displace-
ment sensing arm 44 1s 1n place, the clasp 604 may be moved
to engage the displacement sensing arm 44 such that the
contoured pocket 606 1s provided about at least a portion of
the distal portion 46 of displacement sensing arm 44. The
engagement of the displacement sensing arm 44 by the
contoured pocket 606 may limit the distal movement of the
displacement sensing arm 44 such that the displacement
sensing arm 44 1s maintained in the proximal position.

The clasp 604 may be mounted on a ring 602 that extends
about the chuck 20. In this regard, the ring 602 may be
rotated about the working axis 16 so as to move the clasp
604 between the engaged position shown in FIG. 16 and the
disengaged position shown i FIG. 17.

The ring 602 may also include a lug 608 to help assist
manipulation of the ring 602 to move the clasp 604 between
the engaged position and the disengaged position. As such,
the retention member 600 may be utilized to maintain the
displacement sensing arm 44 1n the proximal, stowed posi-
tion shown 1n FIG. 1 was to reduce interference of the
displacement sensing arm 44 with the orthopedic implant 62
when the instrument 10 1s utilized. While the retention
member 1s shown 1n relation to the embodiment of the chuck
200 having a lever arm 204, it may be appreciated that the
retention member may be provided with any of the other
chuck embodiments described above or other chuck embodi-
ments without limitation.

There may also be times 1n which an orthopedic implant
may be disposed 1 a chuck, but not engaged by locking
rollers, cam blocks, or other jaw structures of a chuck.
However, the surgeon may want the orthopedic implant to
remain 1in its place relative to a chuck absent movement of
the orthopedic implant manually by the surgeon. For
example, prior to engagement of the orthopedic implant by
the jaws of the chuck, the surgeon may place the orthopedic
implant 1n the cannulated passage 1n a specific position. The
surgeon may then move the surgical instrument without
engaging an actuation lever or otherwise closing a jaw
structure of a chuck. When the surgeon then actuates the
actuation lever, 1t 1s desirable that the orthopedic implant be
in the original position that the orthopedic implant was
placed 1n.
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As such, FIGS. 45 and 46 depict another embodiment of
a chuck 1000. The chuck 1000 may include features that
facilitate holding an orthopedic implant 62 even when a
chuck jaw member (i.e., locking roller 214) 1s disengaged
from the orthopedic implant 62. In this regard, a force by the
surgeon that 1s manually applied to the orthopedic implant
62 to move the orthopedic implant 62 along or about the axis
may be facilitated by, but absent an external force by the
user, the orthopedic implant 62 remains stationary. For
instance, the force of gravity may not cause the orthopedic
implant 62 to slide 1n the cannulated passage 218. As such,
the chuck 1000 may include an implant holder 230 {for
retaining the orthopedic implant 62 without requiring any
force by the user. Upon placement of the orthopedic implant
62 1nside the cannulated passage 218, the implant holder 230
may retain the orthopedic implant 62 to help prevent axial or
rotational movement of the orthopedic implant 62 relative to
the chuck 1000 during use when not engaged by the actua-
tion lever 204 of the chuck or otherwise closing the locking
rollers 214. In one configuration, at least one gripper 234
(e.g., ball bearings, rollers, etc.) may be biased toward the
center of the cannulated passage 218 by a spring 238 (e.g.,
a constant force spring). When the orthopedic implant 62 1s
inserted into the cannulated passage 218 and contacts the
grippers 234, the grippers 234 overcome the spring 238 bias
and are radially displaced away from the working axis 16.
When the grippers 234 are displaced, the spring 238 main-
tains its bias on the grippers 234 and the grippers 234 on the
orthopedic implant 62.

It can be appreciated that use of ball bearing as grippers
234 allows for axial translation or rotation of the orthopedic
implant 62 in relation to the chuck 1000. Ball bearings allow
for the coetlicient of friction to be relatively easy to over-
come vyet still 1s high enough to retain the orthopedic implant
62 1n place when external forces are not applied. The force
required by the surgeon to rotate or slide the orthopedic
implant 62 about or along the axis may be equal. Alterna-
tively, rollers may be used as grippers 234. Use of rollers as
grippers 234 allows for ease of movement upon application
ol an external force by a surgeon 1n one direction, however,
it may require more force to move the orthopedic implant 62
in an another direction. For example, 11 rollers are oriented
in a chuck such that the axis which the rollers rotate about
1s perpendicular to the axis of the cannulated passage 218,
the force required to move the orthopedic implant 62 axially
may be less than that required to rotate the orthopedic
implant 62. Alternatively, 1f the axis of rotation of the rollers
1s oriented parallel to the cannulated passage 218 then the
force required to move the orthopedic implant 62 along the
axis of the cannulated passage 218 may be higher than the
force required to rotate the orthopedic implant 62.

FIG. 46 depicts a cross-section of the implant holder 230
in the normally closed position. When the orthopedic
implant 62 is inserted into the cannulated passage 218, the
diameter of the orthopedic implant 62 may be greater than
spacing 242 created by the shape of the grippers 234. It ball
bearing type grippers 234 are used the diameter of the ball
bearings may be adjusted to accommodate a narrower ortho-
pedic implant 62. Additionally, the implant holder 230 may
retain any diameter orthopedic implant 62 up to the diameter
of the cannulated passage 218.

In this regard, it can be appreciated that though the
implant holder 230 1s only shown 1n FIGS. 45 & 46, 1t may
be implemented in any of the chucks discussed herein
(including those used with traditional smooth walled
implants and indexed implants discussed below). Further-

more, though the implant holder 230 shown 1n FIGS. 45 &
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46 includes a spring 238 biasing grippers 234 toward the
working axis 16, any device for retaining the orthopedic
implant 62 which allows motion upon application of exter-
nal force 1s suitable. Further, an elastic strip or collar may be
used 1nstead of a spring to bias the grippers 234 toward the
working axis.

As brefly described above, use of the measurement
system 40 to place an orthopedic implant may result in a
number of benefits. Namely, a user may not be required to
guess or rely on “feel” alone 1n placement of the implant.
Rather, the measurement system may allow for selection of
vartous modes to allow for different placements of the
orthopedic implant such that the position of the implant 1is
automatically determined based on the sensors of the mea-
surement system 40. This may allow the implant to be placed
more reliably and more efliciently. As such, the complexity,
risk, cost, and time of operations may be reduced.

While some of the foregoing embodiments allow for
engagement of an orthopedic implant without requiring
application of an external force to the chuck, other embodi-
ments may be provided that may also assist in reducing the
potential for slippage between the implant and the chuck so
as to accurately measure a displacement of the instrument
and/or and accurate force measure.

In turn, an embodiment of an orthopedic i1mplant 1s
provided herein that may include a plurality of indexing
teatures disposed along at least a portion of the length of the
orthopedic implant relative to the working axis 16. In this
regard, a corresponding chuck 20 may be provided to engage
one or more ol the plurality of indexing features of the
orthopedic implant. In turn, the orthopedic implant may be
engaged without an external force acting on the chuck such
that the orthopedic implant 1s maintained stationary along
the working axis. Also, the chuck described herein may
provide for eflicient engagement and disengagement of the
orthopedic implant for eflicient operation of the chuck. For
instance, the chuck may be manipulated by a single hand of
the user for engagement and disengagement of the orthope-
dic 1mplant.

With further reference to FIG. 18, one embodiment of an
orthopedic implant 62 comprising a plurality of indexing
features 66 1s shown. The indexing feature 66 may comprise
a notch or indentation on the exterior surface of the ortho-
pedic implant 62. The orthopedic implant 62 may include a
distal portion 62a that 1s advanced into the bone of the
patient and a proximal portion 6256 disposed on a side of the
orthopedic implant 62 opposite the proximal portion 62a. In
at least some embodiments, the proximal portion 62a and the
distal portion 625 may be identical such that either end may
comprise a feature to allow for advancement of the implant
into the bone of a patient. For mstance, either or both ends
may include a sharpened end, a threaded portion, flutes or
other feature that assists in advancement of the proximal
portion 62a 1nto the bone of the patient. The orthopedic
implant 62 may include a cylindrical body member 68
extending between the proximal portion 62a and the distal
portion 62B. In this regard, the indexing feature 66 may
include an 1nset engagement surface 82 that 1s inset relative
to the cylindrical body 68. For instance, the surface 82 may
extend along a cord length relative to the circular cross-
section of the cylindrical body 68. In an embodiment shown
in FIG. 18, the indexing features 66 may include corre-
sponding opposing surfaces 82 that are coextensive relative
to a length extending along the working axis 16. That is, the
indexing features 66 may include oflset notches with oppos-
ing engagement surfaces 82 that occupy the same length
along the working axis 16.
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In contrast, FIG. 19 and FIG. 19A (which provides a
detailed view of the engagement features 66 of the embodi-
ment depicted i FIG. 19) depict an alternative embodiment
ol an orthopedic implant 62 whereby the indexing features
66 may comprise oflset opposing engagement surfaces 82
that are oflset relative to a length corresponding to the
working axis 16. That 1s, each given engagement surface 82
corresponding to the inset portion of the indexing feature 66
may be disposed between adjacent engagement surfaces 82
provided on an opposite portion of the implant 62 (e.g.,
opposite meaning disposed roughly 180° about the working
axis 16). In this regard, the indexing member 66 comprise
staggered oflset opposing engagement surfaces 82 where
adjacent opposing engagement surfaces 82 are staggered
along a length corresponding to the working axis 16. With
further reference to FIG. 20, another embodiment 1s shown
whereby the opposing engagement surfaces 82 may be
alternating such that no portion of the opposing engagement
surfaces 82 overlap 1n a length corresponding to the working,
axis 16.

With further reference to FIG. 21, an embodiment of a
chuck 700 1s depicted that may be used to selectively engage
an orthopedic implant 62 having a plurality of indexing
teatures as described above. The use of a chuck 700 that
engages an indexed orthopedic implant may provide the
ability to utilize the measurement system 40 of the instru-
ment 10 such that no external forces are required to engage
the implant, yet the implant 1s securely engaged and easily
engaged/disengaged.

Specifically, the instrument 10 may include a force sensor
50 capable of outputting a signal indicative of the force
acting axially on the leading edge 10a of the orthopedic
implant 62 as 1t 1s advanced through the bone of the patient.
The force sensor 50 may be disposed proximally relative to
the drive system 30. In this regard, the drive system 30,
chuck 20, and engaged implant 62 may be axially rigid such
that a force acting on the leading edge 10a of the orthopedic
implant 62 may cause the force to be transmitted through the
implant 62, chuck 20, and drive system 30 to act on the force
sensor 50. As addressed above, relying on external forces to
engage the implant 62 may result in inaccuracies of the
measurement system 40.

However, the coordination of the chuck 700 with an
orthopedic implant such as those described above having a
plurality of index features 66 may allow for the orthopedic
implant 62 to be axially fixed relative to the chuck 20 allow
for free transmission of force from the orthopedic implant 62
to the chuck 20 and to the drive system 30 for accurate
measurement at the force sensor 50 without inducement of
additional or different forces resulting from the engagement
of the orthopedic implant 62 by the chuck 20.

With further reference to the chuck 700 depicted 1n FIG.
21-30, the chuck 700 may include a chuck body 702. The
chuck body 702 may comprise an engagement portion 704
at the proximal end of the chuck 700 that, as described
above, may be used to interface with the mnstrument 10. The
chuck 700 may also include an engagement control member
706. A cannulated passage 708 may be provided into which
an orthopedic implant 62 may be provided as shown 1n
various ones ol FIGS. 21-30. As we discussed in greater
detail below, the engagement control number 706 may
correspond to a control ring that is rotatable relative to the
chuck body 702 to control engagement and disengagement
of the orthopedic implant 62. In this regard, the chuck 700
may also include a button 710 may be depressed to allow for
immobilization of a chuck drive shaft to allow for relative
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movement between the engagement control number 706 and
a chuck drive shaft described 1n greater detail below.

The chuck 700 may include a distal plate 712. The distal
place 712 may be secured to a chuck drive shait 722. For
instance, the distal plate 712 may be bolted to the chuck
drive shatt 722 by pivot members 714 and 716. For instance,
the pivot members 714 and 716 may comprise threaded
portions engaged with the chuck drive shait 722. With
turther reference to FI1G. 22 where the distal plate 712 has
been removed for illustration purposes, the pivot members
714 and 716 may include bearing surfaces (1.e., non threaded
portions) that may support a first jaw member 718 and a
second jaw member 720, respectively. The first jaw member
718 may be disposed for relative movement about a first axis
defined by pivot member 714. The second jaw member 720
may be disposed for relative movement about a second axis
defined by the pivot member 716. As may be appreciated 1n
FIG. 23, the first jaw member 718 and second jaw member
720 may be disposed relative to the cannulated passage 708
such that the jaw members 718 and 720 may be moved
radially toward and away from the working axis 16 to
engage the orthopedic implant 62.

The chuck driveshait 722 may engage with the chuck
drive coupling 78 of the mstrument 10. In this regard, upon
operation of the drive system 30, the chuck driveshatt 722
may be rotated. As described above, the pivot member 714
and 716 may be engaged with the chuck driveshaft 722. As
such, upon rotation of the chuck drive shatt 722, the pivot
members 714 and 716 may also be rotated as are the first jaw
member 718 and second jaw member 720 supported by the
pivot members 714 and 716, respectively. In turn, when the
jaw members 718 and 720 are engaged with an orthopedic
implant 62, rotational motion 1s also 1mparted to the ortho-
pedic implant 62.

The button 710 may include a displaceable rod 724. A
corresponding pocket 726 may be provided on the chuck
driveshaft 722. In this regard, the pocket 726 may be aligned
with the button 710 such that when the button 710 1s
displaced, the rod 724 may extend into the pocket 726. This
may rotationally lock the chuck driveshatt 722 relative to the
chuck body 702. In turn, the engagement control member
706 may be rotated relative to the chuck drive shait 722. The
engagement control member 706 may be biased by a biasing
member 728. The biasing member 728 may bias the engage-
ment control member 706 1nto a position that also biases the
first jaw member 718 and the second jaw member 720
toward the working axis 16.

With further reference to FIGS. 28, 29, and 30, the
engagement control member 706 1s shown relative to the
first jaw member 718 and the second jaw member 720 at two
locations along the working axis 16. The {first jaw member
718 may include a first follower portion 734 disposed
relative to a first cam surface 730 of the engagement control
member 706. That 1s, the engagement control member 706
may define a first cam surface 730 with which the first
tollower portion 734 1s engaged. The second jaw member
720 may include a second follower portion 736 arranged
relative to a second cam surface 732 defined by the engage-
ment control member 706. Accordingly, upon rotation of the
engagement control member 706, (e.g., against the biasing
force induced by the biasing member 728), the first cam
surface 730 and the second cam surface 732 may be moved
relative to the first and second jaw members 718 and 720
such that the first follower portion 732 and the second
follower portion 734 are engaged by the respective cam
surtace 734 or 746. Upon rotation of the engagement control
member 706, the first follower portion 734 and the second
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follower portion 736 may be engaged so as to induce
rotation of the first jaw member 718 about the first pivot
member 714 and the second jaw member 716 about the
second pivot member 716. As the respective follower por-
tion 734 or 736 1s disposed opposite the corresponding pivot
member 714 or 716, rotation of the engagement control
member 706 may act on each respective jaw member 718 or
720 to lever the jaw member 718 or 720 away from the
working axis 16. This pivotal motion of the jaw members
718 and 720 relative to the pivot members 714 and 716 may
result 1n the jaw members being radially moved away from
the working axis 16.

For instance, FIG. 24 depicts a condition where the
engagement control member 706 has been rotated relative to
the chuck drive shaft 722 such that the cam surfaces 730 and
732 engage the follower portions 734 and 736 to move the
1aw members 718 and 720 radially away from the work axis
16. In this regard, the orthopedic implant 62 may be nserted
in the cannulated passage 708 as shown in FIG. 25. With
further reference to FIGS. 26 and 27, the engagement
control member 706 may be released. In turn, the bias
member 728 may return the engagement control member
706 to a resting position such that the jaw members 718 and
720 are urged by the cam surfaces 730 and 732 acting on the
tollower portions 734 and 736 to cause the jaw members 718
and 720 to move radially inward toward and be biased
toward the axis 16 under action of the biasing member 728
to engage an orthopedic implant 1n the cannulated passage
708.

One or more the plurality of index features 66 provided on
the orthopedic implant 62 may be engaged by one or more
of the jaw members 718 and 720. Specifically, the first and
second jaw members 718 and 720 may include teeth mem-
bers 738 correspondingly sized to engage the index feature
66 of an orthopedic implant 62. That is, the teeth members
738 may bear against the engagement surface 82 defined by
the index feature 66 to engage the orthopedic implant 62. As
the teeth members 738 may engage the engagement surface
82 of the orthopedic implant that 1s oflset inward toward the
working axis 16, the engagement feature 66 may define a
shoulder that 1s engaged by the teeth members 738. As such,
the interaction of the teeth member 738 with the orthopedic
implant 62 may prevent relative axial movement between
the orthopedic implant 62 and the chuck 700. However,
force acting on the orthopedic implant 62 1n a direction
along the working axis 16 may still be imparted on the chuck
700 which may act upon the drive system 30 to bear against
the for sensor 50 such that the force acting on the orthopedic
implant 62 may be accurately measured.

As described above, a variety of diflerent arrangements of
indexing feature configurations may be provided on various
embodiments of the orthopedic implant 62. In this regard,
the jaw members 718 and 720, and specifically the teeth
portions 738 may be sized correspondingly engage with the
index features of a given orthopedic implant 62 to be used.
As such, the jaw members 718 and 720 maybe oflset relative
to the working axis 16 such that a plurality of oflset index
features 66 at different positions along the working axis 16
of the orthopedic implant 62 (e.g., such as those shown 1n
FIGS. 19, 19A, and 20) may be engaged by the teeth
members 738. This may provide positive engagement to
reduce the potential that the orthopedic implant 62 moves
actually relative to the chuck 700 or slips rotationally
relative to the chuck 700 during operation. However, other
arrangements may be provided such as corresponding teeth
portion 738 to engage an orthopedic implant as shown in
FIG. 18 where the plurality of index member 66 are pro-
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vided on coextensive portions of the length of the orthopedic
implant 62 along the working axis 16 such the teeth 738 do
not overlap.

With additional reference to FIGS. 31-35, another
embodiment of a chuck 750 1s shown. The chuck 750 may
utilize a first jaw member 718 and a second jaw member 720
as described above. Also, the chuck 750 may include an
engagement control member 706 that includes cam surfaces
730 and 732 to engage the follower portions 734 and 736 to
move the jaw members 718 and 720 radially away from the
work axis 16 as described above. However, the manner 1n
which the engagement control member 706 1s rotated may
differ from that described above. In this regard, the chuck
750 may provide a means for engagement and disengage-
ment of the orthopedic implant that 1s more ergonomic and
provides easier movement to control the engagement and
disengagement.

Specifically, the chuck 750 may include a lever handle
740 that 1s connected to the chuck body 702 via a pivot 742.
A fork 744 extends on an opposite side of the pivot 742 from
the lever handle 740. The fork 744 may engage pins 746 that
couple the fork 744 to a control ring 748. In this regard, the
chuck body 702 comprises slots 752 that accommodates
movement of the control ring 748 distally and proximally in
a direction along the working axis 16. Accordingly, move-
ment of the lever handle 740 distally and proximally con-
trols the movement of the control ring 748 distally and
proximally along a direction corresponding to the working
axis 16. Specifically, proximal movement of the lever handle
740 (1.¢., 1n a direction toward the engagement portion 704)
may result i distal movement of the control ring 748.

With further reference to FI1G. 34, which shows only the
control rning 748, chuck drive shait 722, and engagement
control member 706, upon advancement of the control ring
748 distally, the pins 746 engaged with the control ring 748
may engage opposing notches 754 on the chuck drive shatt
722. This may result 1n rotationally locking of the chuck
drive shaft 722.

Further distal advancement of the control ring 746 relative
to the engagement control member 706 may result in a
projection 756 on the control ring 746 engaging the engage-
ment control member 706. Specifically, the projection 756
may comprise at least one cam surtace 760 that contacts a
corresponding ramped surface 762 of the control ring 706.
The cam surface 760 may be arranged relative to the
engagement control member 706 such that distal motion of
the control ring 706 (e.g., under the ifluence of the lever
handle 704) may cause the control member 706 to rotate
about the working axis 16 so as to engage the jaw members
718 and 720 to move the jaw members 718 and 720 away
from the working axis 16 as described above. As such,
proximal movement of the lever handle 706 may result in
distal movement of the control ring 706. This distal move-
ment of the control ring 706 may result 1n the pins 746 being
engaged with the notches 754 on the chuck drive shaft 722
to rotationally lock the drive shaft 722. The distal movement
may also engage the projection 756 such that the cam
surface 760 engages the ramped surface 762 of the engage-
ment control member 706 to rotate the engagement control
member 706 to move the jaw members 718 and 720. Upon
release of the lever handle 704, the engagement control
member 706 may return under the bias of the biasing
member 728 as described above. Furthermore, the lever
handle 704 may be engaged with biasing members 764 at the
pivot 742 to return the lever handle 704 to a distal position
so as to disengage the pins 746 from the notches 754 to
release the chuck drive shatt 722 to allow rotation thereof.
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With further reference to FIGS. 36A and 36B, a controller
146 1s shown that may be utilized with the mstrument 10.
Specifically, as described above, the instrument 10 may have
a displacement sensor 42 for outputting a signal indicative of
the relative displacement of a working portion (e.g., a
leading edge 10a of an orthopedic implant 62). Also, the
instrument 10 may have a force sensor 50 for measurement
of the force acting on the working portion (e.g., orthopedic
implant 62) axially along the working axis 16. The 1nstru-
ment 10 may include a telemetry cable 174 in operative
communication with the displacement sensor 42 and the
force sensor 50. The telemetry cable 174 may have a
connector 172 that may interface with a data port 170 of the
controller 146. While a telemetry cable 174 1s shown for
interfacing with the controller 146, other approaches are
possible for relay of data from the instrument 10 to a
controller 146 such as, for example, by way of wireless
telemetry via a wireless protocol such as Bluetooth, IEEE
802.11, or the like. Furthermore, the controller 146 may not
be a separate unit, but may be integrated into the instrument
10.

As depicted, the controller 146 may include a touchscreen
interface 152 for use by a user to iterface with the controller
146. The interface 146 may allow a user to set a diameter of
the working portion (e.g., orthopedic implant 62) at a
diameter selection 160. Moreover, the rotational speed of the
instrument may be displayed and/or controlled at the speed
selection 162. An operation mode may be selected or input
at the mode selection 150 as will be described 1n greater
detail below. Also, the mstrument direction may be selected
or input at the direction selection 164. In an embodiment, the
instrument 10 may measure a depth of a bore. This may be
output in the length measurement output 166. Also, the
controller 146 may have a reset selection 153 to allow for
resetting the instrument (e.g., for establishing a reference
point for the displacement sensor 42 and/or calibrating the
force sensor 30). While a reset selection 153 may be
provided on the controller 146, the reset selection 153 may
be triggered by use of a first trigger 90 and a second trigger
92 of the mstrument 10. For instance, 1n normal operation,
actuation of the first trigger 90 may result 1n operation of the
instrument 10 1n a first direction (e.g., clockwise relative to
the working axis 16). Actuation of the second trigger 92 may
result in operation of the instrument 10 i1n an opposite
direction (e.g., anticlockwise relative to the working axis
16). Actuation of the first trigger 90 at the same time as the
second trigger 92 may send a reset signal to the controller
146 to zero a depth measurement (e.g., to establish a
reference point). Actuation of the first trigger 90 simultane-
ously with the second trigger 92 may also sequence the
controller 146 (e.g., to indicate a new bore or implant 1s to
be utilized). The controller 146 may also display adminis-
trative data 168 (e.g., regarding an operation, patient, instru-
ment status information, etc.).

In an embodiment, the controller 146 may determine that
an 1mplant 62 1s released such that the instrument 10 1is
withdrawn distally relative to the implant 62. For example,
the instrument 10 may be equipped with a sensor to detect
disengagement of the orthopedic implant 62. For 1nstance, a
wired or wireless sensor may be disposed in the chuck such
that the sensor may detect when various components of the
chuck are 1n a position to disengage an orthopedic implant.
Such a sensor may provide an output to the controller.
Additionally or alternatively, the controller 146 may include
a selection for input of an indication that the orthopedic
implant 62 1s released. In any regard, upon release and
retraction of the mstrument 10 from the orthopedic implant
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62, any measured relative displacement may be i1gnored
(e.g., so as not to account for advancement or retraction of
the orthopedic implant from the substrate into which 1t 1s
advanced). In this regard, upon reengagement of the implant
62, further advancement may be accurately measured by the
displacement sensor 42. The spacing of the indexing features
66 may be such that adjacent indexing features 66 are
located nearer to each other than the measureable distance of
the displacement sensor 42 such that the displacement
sensor may accurately measure any subsequent advance-
ment of the implant 62 upon being reengaged after with-
drawing the instrument 10 distally upon disengagement.

As mentioned briefly above, the controller 146 may be
configured to perform 1n various different modes using the
mode selection 150. As an example, the different modes of
operation may correspond with different relative placements
of the leading edge 10a of the orthopedic implant 62 relative
to the anatomy of a patient. Diflerent placements of an
orthopedic implant are depicted in FIGS. 37, 38, 39, and 40.
For instance, a bicortical bone cross-section such as those
depicted in FIGS. 37-40 may include a hard outer cortex that
surrounds a medullary layer 102. In this regard, in bicortical
operation 1s depicted 1n FIG. 37, the leading edge 10a of the
orthopedic 1mplant 62 may be advanced through a first
portion of the hard outer cortex 100q, the medullary layer
102, and a second portion of the hard outer cortex 10056. In
turn, when the leading edge 10a breaches the exterior of the
second portion of the hard outer cortex 1005, the instrument
100 may be arrested such that the orthopedic implant 62 1s
placed as depicted 1n FIG. 37 where the leading edge 10a
just breaches the entire bicortical length of the bone. Bicor-
tical operation of the mstrument 10 1s generally described in
U.S. Pat. No. 6,665,948 which 1s incorporated by reference
herein.

FI1G. 38 depicts another mode of operation corresponding,
to subchondral placement of the orthopedic implant 62. In
this regard, the leading edge 10a of the orthopedic implant
62 1s advanced through the first portion of hard outer cortex
100q, the medullary layer 102, and a portion of the second
portion of hard outer cortex 1005. In this regard, the nstru-
ment 10 may be arrested when the leading edge 10a 1s
embedded 1n the second portion of hard outer cortex 1005 as
shown 1n FIG. 38.

FIG. 39 depicts another mode of operation corresponding,
to an endosteal placement of the orthopedic implant 62. In
this regard, the leading edge 10a may be advanced through
the first portion of hard outer cortex 100a and through the
medullary layer 102. The instrument 10 may be arrested
when the leading edge 10a reaches the second portion of
hard outer cortex 1006 such that the leading edge 10a 1s
disposed at the mterface of the medullary layer 102 and the
second portion of hard outer cortex 1005.

FI1G. 40 depicts another mode of operation corresponding,
to multi-cortical placement of the orthopedic implant 62. In
this mode, the leading edge 10a of the orthopedic implant 62
1s advanced through a plurality of bones 101. In this regard,
the number of bones through which the orthopedic implant
62 1s to be advanced may be set such that instrument 10 1s
arrested when the leading edge 10a of the orthopedic
implant 62 breaches the second portion of hard outer cortex
1006 of the last bone 101 through which the orthopedic
implant 62 1s to be advanced. Multi-cortical placement of the
implant 62 may 1involve setting occurrence flags that may at
least 1n part be based on the number of bones though which
the orthopedic implant 62 1s to pass. For instance, 11 two
bones are to be drilled through, the fourth occurrence of the
passing of the leading edge 10a from a first medium into a
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second medium having a lower density may indicate
completion of the operation. Also, while a bicortical place-
ment 1s shown 1n FIG. 40, the multi-cortical mode may have
submodes that allow {for bicortical, subchondral, or
endosteal placement through multiple bones using 1dentifi-
cation techniques to place the orthopedic implant 62 1n the
last bone 1n the series of bones through which the orthopedic
implant 62 1s to be advanced. That 1s, the measurement
system 40 may monitor penetration through n-1 bones
where n 1s the number of the last bone in which the
orthopedic implant 62 1s to be placed. For the nth bone, any
ol the following specific techniques may be used for bicor-
tical, subchondral, or endosteal placement of the orthopedic
implant 62 1n the last bone.

Any of the foregoing placements may correspond with
modes of operation of the instrument 10. For instance,
selection of a mode corresponding to any one of the fore-
going placements may be utilized by selection via the mode
selection 150 of the controller 146. As such, when a corre-
sponding one of the modes 1s selected, the controller 146
may be operative to control operation of the measurement
system 40 so as to arrest the instrument 10 when the leading
edge 10a of the orthopedic implant 62 reaches the placement
designated for the mode or may output an alarm or take
some other action. In this regard, any one of a variety of
approaches may be utilized to determine when the orthope-
dic implant 62 reaches the various placements described
above. In this regard, various embodiments of methods are
described herein.

For mstance, determination of the position of the leading
edge 10a of the orthopedic implant 62 relative to the
structure of a bone 101 may be determined using signals
output from force and/or displacement sensors of a measur-
ing system 40 as described 1n the *948 Patent incorporated
by reference 1n 1ts entirety above. That 1s, as the leading edge
10a passes through the various interfaces of the bone
structure 101, these iterfaces may be detected based on
signals from the force sensor 50 and displacement sensor 42.
For mstance, when the leading edge 10a passes from the first
portion of hard cortex 100a to the medullary layer 102, the
working portion 16 may experience a decrease in the force
sensed by the force sensor 50 and an increase 1n accelera-
tion. The decrease 1n the force may be determined by taking
the derivative of the signal output from the force sensor 50.
Specifically, the derivative of the signal output from the
force sensor 50 may become negative, indicating a negative
rate of change of the force applied. Alternatively, a local
minimum of a second derivative of the force may be
determined that corresponds to a reduction in the force
acting on the working portion 16. For instance, a second
derivative of the force signal may be taken and the local
minimum of the second derivative of the force signal may be
determined using any appropriate computational approach
to determine such a state in the force signal. Additionally,
taking the second derivative of the output from the displace-
ment sensor 42 may provide a signal indicative of the
acceleration. This technique may also be used to determine
when the working portion 16 passes through the second
portion 1006 of hard cortex 100. This may be the first
occurrence of a decrease i force and increase in accelera-
tion 1 the case of unicortical operation or the second
occurrence 1n the case of bicortical operation.

Moreover, 1t may be determined when the leading edge
10a contacts the second portion 1006 of cortex 100 after
passing through the medullary layer 102. In this regard, a
decrease 1n acceleration and an increase 1n force as measured
from the displacement sensor 42 and the force sensor 50 may
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be utilized to determine the second portion 1005 of cortex
100 has been contacted for endosteal placement. For sub-
chondral placement, a given displacement oflset from the
contacting of the second portion 1005 of the cortex 100 may
be used to advance the leading edge 10a of the orthopedic

implant 62 partially into the second portion 1006 of cortex
100.

Such a context 1s depicted in FIGS. 41 and 42. FIG. 41
depicts a plot 800 of various sensor outputs and/or calcu-
lated signals during a normal bicortical pass of a leading
edge 10q of an orthopedic implant 62 through a bone 101 of
a patient. The plot 800 includes a displacement signal 802.
The displacement signal 802 may be a directly measured
signal from a displacement sensor 42 of a measurement
system 40. Alternatively, the displacement signal 802 may
be derived from another sensor (e.g., as a second 1ntegral of
a signal from an accelerometer or the like). The plot 800 also
includes a velocity signal 804, which may be measured
directly or derived from a displacement sensor or an accel-
crometer. The plot 800 also includes an acceleration signal
806. The acceleration signal 806 may be measured (e.g.,
using an accelerometer or the like) or may be derived from
the displacement signal 802 (e.g., as a second derivative of
the displacement signal 802). As discussed above, the veloc-
ity signal 804 may be derived from either the displacement
signal 802 (e.g., as a first derivative thereol) or from the
acceleration signal 806 (e.g., as a first integral thereot).
Moreover, FIG. 41 may include a force signal 808 repre-
sentative of a change 1n force as measured by a force sensor
50. In this regard, the force signal 808 may not depict an
actual force measure, but rather a first derivative of actual
force. FI1G. 42 shows an enlarged portion of the plot 800 1n
a region of interest around the interfaces of the cortices.

As best seen 1n FIG. 42, the contact between the leading
edge 10a and interface of the medullary layer 102 and the
second portion 1005 of cortex 100 occurs between 3.05
seconds and 3.1 second 1n the plot 800 at the interface 801.
This interface 801 coincides with the point at which the
force signal 808 (representing the first derivative of the
measured force) experiences a maximum (as may be mea-
sured by determining when a second derivative of the
measured force 1s positive). The mterface 801 may also
coincide with a reduction 1n the acceleration signal 806. As
such, when the force signal 808 1s at a local maximum that
coincides with the acceleration being negative, the interface
801 may be determined.

Additionally, and as described 1n U.S. patent application
Ser. No. 14/845,602, incorporated by reference above,
placement of the orthopedic implant 62 may be based solely
on a single sensor such as a displacement sensor 42 or an
acceleration sensor provided with the measurement system
40. In this regard, whether an acceleration sensor or a
displacement sensor 42 i1s used, the resulting single signal
may be processed to arrive at a displacement signal, a
velocity signal, and an acceleration signal. In turn, these
complimentary signals may be used to determine when the
leading edge 10a passed through an interface. For instance,
as the leading edge 10a passes from the first portion 100a of
hard cortex 10 to the medullary layer 102, there may be a
simultaneous positive displacement, velocity, and accelera-
tion as determined from the displacement signal, velocity
signal, and acceleration signal. This may be indicative that
the leading edge 10a has passed from the hard outer cortex
100a to the medullary layer 102. A similar condition may
occur at a second occurrence of positive displacement,
velocity, and acceleration as the leading edge 10a passes
from the second portion 1006 of hard cortex 100 to the
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medium surrounding the bone 101. As such, the bicortical or
unicortical mode may be facilitated whereby either a second
occurrence or a first occurrence, respectively, of positive
displacement, velocity, and acceleration occur simultane-
ously.

This approach using a single sensor to arrive at a dis-
placement, velocity, and acceleration may also be used to
determine when the leading edge 10a contacts the second
portion 1006 of hard cortex 100 for support of an endosteal
mode. Specifically, as the leading edge 10a 1s advanced
through the medullary layer 102, the orthopedic implant 62
may experience positive displacement, positive velocity, and
a negative acceleration when the second portion 1006 of
hard cortex 100 1s contacted. That 1s, contact of the leading
edge 10a with the second portion of hard cortex 1006 may
be detected with positive displacement, positive velocity,
and negative acceleration. As such, an endosteal mode of
operation may be supported using a single sensor for gen-
eration of a displacement signal, velocity signal, and accel-
cration signal. Furthermore, as described above, subchon-
dral placement of the orthopedic implant 62 may be
facilitated by advancing the leading edge 10a a predeter-
mined distance beyond detection of the leading edge 10a
passing from the medullary layer 102 to the second portion
10056 of hard cortex 100. This predetermined distance may
be controlled by selection of a bone type, a value input by
a user, or a calculated value based on measured values of the
first portion 100a of hard cortex 100 and/or medullary layer
102 thickness.

FIGS. 43 and 44 retlect a plot 900 reflecting signals that
are measured or determined utilizing a single displacement
or acceleration sensor. In FI1G. 43, a displacement signal 802
and a velocity signal 804 may be provided. Furthermore, a
derivative signal 810 representative of the derivative of an
acceleration signal may be provided. This signal 810 may
indicate changes of intlection 814 and 816 where the rate of
change of inflection 1s “concave down™ corresponding with
a maximum rate of change of positive acceleration. As such,
these inflection points 814 and 816 may be indicative of the
passing of the leading edge 10qa of the orthopedic implant 62
passes from a relatively hard medium to a relatively soft
medium. In this regard, mflection point 814 may be 1ndica-
tive of the leading edge 10a passing from the first portion
100a of hard cortex 100 to the medullary layer 102 and
inflection point 816 may be indicative of the passing of the
leading edge 10a passing from the second portion 1005 of
the cortex 100 1nto the medium surrounding the bone 101.
Moreover, a local minimum at inflection point 812 of the
derivative signal 810 may indicate a maximum deceleration
of the leading edge 10a indicating contact with the second
cortex 1005. In any of these instances, determination of the
local minimum and/or maximum of the derivative signal 810
may be determined using any signal processing known 1n the
art. For instance, a further derivative may be taken of the
derivative signal 810 for use in determining the local mini-
mums and/or maximums. This signal would be the second
derivative of the acceleration signal. In turn, the derivative
signal 810 may be utilized to determine all three interfaces
of mterest in a bicortical operation. As such, the derivative
signal may be used for bicortical, endosteal, and subchon-
dral modes.

With further reference to FIG. 44, the inflection point 812
of the denivative signal 810 may coincide with the accel-
cration signal 808 passing through zero (1.¢., the acceleration
passing from positive acceleration to negative acceleration).
This may not always be true, as demonstrated in FIG. 44. For
example, there 1s a region 902 1n which the acceleration
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signal 808 passes over the zero axis several times corre-
sponding with increases and decreases 1n acceleration. How-
ever, the minor changes 1n acceleration direction may not
occur with a large enough rate of change to be detectable 1n
the derivative signal 810. However, the inflection point 812
in FIG. 44 does indicate the interface between a relatively
soit layer and a relatively hard layer as the rate of change
(negative) of the acceleration signal 810 1s a maximum as
reflected in the inflection point 812 of the derivative signal
810. As such, a filtering approach may be applied such that
a rate of change of the acceleration signal 810 may be
required to be greater than a threshold value to be used to
indicate a detected interface.

As may be appreciated, various ones of the foregoing
embodiments of chucks may be utilized to dispose either a
smooth walled orthopedic implant or an orthopedic implant
having a plurality of indexing features disposed along the
side wall thereof. In this regard, the distal portion of the
orthopedic implant has not been discussed 1n the foregoing
embodiments and can generally be among any of the avail-
able distal configurations, and to orthopedic implants. How-
ever, 1t 1s presently recognized that in certain contexts 1t may
be diflicult for a measurement system 40 as described herein
to accurately discern the position of an orthopedic implant as
it moves through the various structures of a bone of a patient.
For mstance, small diameter orthopedic implants and/or
orthopedic implants that are slowly advanced relative to the
bone may not provide suilicient force, acceleration, and/or
other displacement based values suflicient for discerning the
placement of the orthopedic implant.

In this regard, an embodiment of an orthopedic implant 1s
depicted 1n FIGS. 47-49 that may be utilized to assist 1n
determination of the placement of an orthopedic implant 850
using a measurement system 40 as described herein. Spe-
cifically, the orthopedic implant 850 may have a tapered or
conical distal tip 852. Specifically, the conical distal tip 852
may be a relatively shallow taper. Moreover, the distal tip
852 may be fluted. The fluting of the distal tip 852 may be
a high helix angle. This may increase the resulting forces
required to induce movement of the orthopedic implant 850
through the bone of the patient, thus assisting in the deter-
mination of the forces and/or displacement values associated
with the advancement. Furthermore, the orthopedic implant
850 may include a relief portion 854 disposed proximally to
the distal end 852 of the orthopedic implant a 50. The relief
portion 854 may include a stepped 1n diameter portion of the
orthopedic implant 850. That 1s, the relief portion 854 may
comprise a portion of the orthopedic implant having a
diameter smaller than that of the remaining portion of the
orthopedic implant 850. The relief portion 854 may reduce
thermal load on the orthopedic implant he 350 as 1t 1s
advanced relative to the bone of the patient. This may assist
in reducing trauma to the bone tissue disposed proximally to
the distal end 852 as the orthopedic implant 850 1s advanced
relative to the bone. The orthopedic implant 850 may further
include a helical portion 856 proximal to the relief portion
854. The helical portion 854 may include fluted reliefs
within the side wall of the orthopedic implant 850 and/or
threads that extend externally to the side wall of the ortho-
pedic implant 850. In either regard, 1t has been found that the
helical portion 856 may be operative to gain purchase on a

proximal portion of a cortex of a bone, thus assisting in
driving the distal tip 852 of the orthopedic implant 850
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relative to a distal portion of cortex of the bone. That 1s, the
helical portion 854 may assist 1n advancing the orthopedic
implant 850 distally into the bone of the patient.

While the invention has been illustrated and described 1n
detail in the drawings and foregoing description, such 1llus-
tration and description 1s to be considered as exemplary and
not restrictive in character. For example, certain embodi-
ments described hereinabove may be combinable with other
described embodiments and/or arranged 1n other ways (e.g.,
process elements may be performed in other sequences).
Accordingly, it should be understood that only the preferred
embodiment and variants thereof have been shown and
described and that all changes and modifications that come
within the spirit of the invention are desired to be protected.

What 1s claimed 1s:

1. A method of placement of an orthopedic implant
relative to a bone of a patient, comprising:

engaging the orthopedic implant with a chuck of an

istrument to restrict axial movement of the orthopedic
implant relative to the chuck along a working axis of
the chuck;
advancing the orthopedic implant distally into the bone of
the patient while the orthopedic implant 1s engaged
with the chuck by imparting rotational motion to the
chuck with a drive engaged with the chuck;

measuring at least one characteristic of the advancement
of the orthopedic implant relative to the bone, wherein
the at least one characteristic comprises a depth of
penetration of the orthopedic implant as determined by
a displacement sensor that generates a displacement
signal, wherein the displacement signal 1s used to
generate a velocity signal and an acceleration signal,
wherein the displacement signal 1s used to generate a
derivative signal comprising a derivative of an accel-
cration signal generated using the displacement signal;

continuously monitoring the at least one characteristic
during the advancing to determine a predetermined
placement of a distal end of the orthopedic implant,
wherein the predetermined placement i1s determined
based on the displacement signal, the velocity signal,
the acceleration signal, and the derivative signal;

deactivating the drive to cease rotation of the chuck to
stop the advancement of the orthopedic implant when
the distal end of the orthopedic implant reaches the
predetermined placement as determined by the continu-
ally monitored at least one characteristic, wherein the
predetermined placement is selectable by a user from a
bicortical mode, a subchondral mode, an endosteal
mode, and a multi-cortical mode.

2. The method of claim 1, wherein an inflection point of
the derivative signal corresponds to an interface between a
first medium having a first density and a second medium
having a second density.

3. The method of claim 2, wherein a concave up inflection
point 1s indicative of the orthopedic implant passing through
the interface where the first density 1s less than the second
density.

4. The method of claim 2, wherein a concave down
inflection point 1s indicative of the orthopedic implant
passing through the interface where the first density 1s
greater than the second density.
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